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8.1 ECONOMIC AND SOCIAL EFFECTS OF PLANT CONSTRUCTION AND OPERATION 

There are  a v a r i e t y  o f  s o c i a l  and economic e f f e c t s  associated w i t h  the  

cons t ruc t ion  and opera t ion  o f  a f a c i l i t y  f o r  the  product ion o f  e l e c t r i c  

power. However, these e f f e c t s  can be est imated w i t h  a degree o f  

accuracy on l y  i f  they are  analyzed w i t h i n  the contex t  o f  the  e x i s t i n g  

environment o f  the  area proposed f o r  the  p lan t .  A socio-economic pro- 

f i l e  i s  t he re fo re  presented i n  Sec t i on  8.1 t o  serve as background f o r  

the  eva lua t i on  o f  the  b e n e f i t s  and costs o f  t he  CRBRP p r o j e c t .  Wi th in  

t h i s  framework, the  pr imary b e n e f i t s  der ived from the  establ ishment o f  a 

v i a b l e  breeder technology as w e l l  as the  secondary economic and soc ia l  

b e n e f i t s  a re  described i n  Sect ion 8.2. I n t e r n a l  costs o f  p l a n t  con- 

s t r u c t i o n  and opera t ion  are then considered i n  Sect ion 8.3 along w i t h  

any ex terna l  adverse cond i t ions  t h a t  might  be imposed upon community 

f a c i l i t i e s .  

Populat ion, employment, income and r e l a t e d  socio-economic c h a r a c t e r i s t i c s  

t h a t  p resen t l y  e x i s t  i n  the  study area are described i n  the  f o l l o w i n g  

sub-sections. Where feas ib le ,  pas t  t rends and f u t u r e  p ro jec t i ons  are  

a l s o  discussed t o  p rov ide  a background f o r  the e v a l u a t i o n ' a f  t he  e f f e c t s  

o f  p l a n t  cons t ruc t ion  and operat ion.  Major emphasis i s  placed on the  

four-county reg ion  o f  Anderson, Knox, Loudon and Roane where most o f  the 

impact i s  an t ic ipa ted ,  b u t  i t  should be recognized t h a t  t h i s  p r o j e c t  i s  

o f  na t i ona l  importance and there fore ,  has a d d i t i o n a l  , broader impacts. 

8.1.1 POPULATION 

Oak Ridge, w i t h  less  than o n e - t h i r d - o f  i t s  28,319 res idents  loca ted 

w i t h i n  a 10-mile rad ius  o f  the  p l a n t  s i t e ,  i s  the on ly  urban center  o f  

major popu la t ion  concentrat ion i n  th.e area. To ta l  popu la t ion  o f  t he  

community has f l u c t u a t e d  s l i g h t l y  between an increase and a decrease 

over  the pas t  decades as i l l u s t r a t e d  i n  Table 8.1-1. More important  

than t h i s  t o t a l  change, however, i s  the  changing age group composit ion 



t h a t  has taken p lace s ince  1960. The s u b s t a n t i a l  decrease i n  t h e  

number o f  c h i l d r e n  under 15 years o f  age and i n  t h e  number o f  adu l t s  

i n  t he  30-to 44-age group i s  r e f l e c t e d  i n  Table 8.1-2. Consequently, 

t he  popu la t ion  p r o f i l e  f o r  1970 became comparat ive ly  broader a t  o l d e r  

age l e v e l s  w i t h  a  r e s u l t a n t  median age increase from 27.2 i n  1960 t o  29.7 

i n  1970. P ro jec t i ons  t o  1990 i n d i c a t e  a  cont inued aging o f  t he  pop- 

u l a t i o n  as presented i n  Table 8.1-3. (2) 

The r a t e  o f  u rban i za t i on  i s  another f a c t o r  t h a t  w i l l  i n f l u e n c e  t h e  

growth pa t te rns  o f  papu la t ion  centers w i t h i n  t he  four-county area. 

General consensus among reg iona l  planners i s  t h a t  most growth and devel-  

opment may be expected t o  take p lace  i n  t h e  e x i s t i n g  urban centers and 

m u n i c i p a l i t i e s .  Th is  inc ludes,  besides Oak Ridge, Kingston (pop. 4,142) 

and Leno i r  C i t y  (pop. 5,324) which are  w i t h i n  10 m i l es  o f  t h e  S i t e .  

Harriman (pop. 8,734), c u t  by t h e  10-mile rad ius  and Loudon (pop. 3,728), 

which i s  j u s t  beyond, a re  a l s o  sub jec t  t o  these t rends.  Census data 

presented i n  Tab1 e  8.1-4 a l so  tend t o  suppor t  t h i s .  Anderson and Roane 

Counties have n o t  o n l y  experienced an increase i n  urban popu la t i on  i n  

general ,  b u t  t h e  negat ive  r u r a l  growth f i g u r e  i n d i c a t e s  a  r u r a l  - to-urban 

m ig ra t i on  p a t t e r n  as w e l l .  For example, Roane county repo r ted  an urban 

increase o f  46.3 percent  even though t o t a l  county growth was s l i g h t l y  

negat ive  and t h e  r u r a l  popu la t i on  dec l ined  by 27.4 percent.  I t  should 

be noted t h a t  a  p o r t i o n  o f  t h i s  change was due t o  annexat ion and develop- 

ment pa t te rns  f o r  s p e c i f i c  communities must be examined i n  d e t a i l  a t  

t he  l o c a l  l e v e l  f o r  r e l i a b l e  est imates. Comparison o f  these t rends 

w i t h  county popu la t i on  p r o j e c t i o n s  i n  Table 8.1-5 can p rov ide  some . 

general i n s i g h t  as t o  where and t o  what ex ten t  f u t u r e  growth migh t  be 

expected. (3 )  

Present commuting pa t te rns  a l s o  serve t o  i d e n t i f y  areas where people 

are l i k e l y  t o  s e t t l e .  F igure  8.1-1 i s  an i l l u s t r a t i o n  o f  these pa t te rns  

f o r  t he  K n o x v i l l e  Me t ropo l i t an  Area. There a re  some cases where t r a v e l  
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i s  adversely  a f f e c t e d  by topographic  fea tures  o r  l o c a l  drainage 

pa t te rns .  This  i s  p a r t i c u l a r l y  t r u e  between Scot t ,  Anderson and Union 

Counties. On t h e  o the r  hand, t h e  l a r g e  number o f  commuters between 

Knox and Anderson Counties can be a t t r i b u t e d  t o  t he  l a r g e  percentage 

o f  Oak Ridge employees who are now 1 i v i n g  i n  Knoxvi 1  l e y  e i t h e r  by 

choice o r  due t o  t h e  housing shortage i n  Oak Ridge. These bas ic  

commuter pa t te rns  must be i nc luded  i n  any at tempt  t o  measure t h e  

impact o f  increased popu la t i on  due t o  cons t ruc t i on  and opera t ion  o f  

t h e  CRBRP. 

8.1 .2 EMPLOYMENT 

The employment p i c t u r e  i n  t he  s tudy area has been in f luenced over t h e  

p a s t  30 years by t h e  development o f  AEC/contractor operat ions i n  t he  

Oak Ridge community. An i n f l u x  o f  p ro fess iona l  and techn i ca l  people 

from throughout t h e  country  and wor ld  has had an impact on t h e  economy 

) of  t h e  reg ion (2 )  and a l t e r e d  t h e  employment s t r u c t u r e  as i s  apparent 

i n  Table 8.1-6. 

The percentage o f  p ro fess iona l  employees i n  Anderson and Knox Counties 

(26% and 16%, r e s p e c t i v e l y )  i s  much h ighe r  than t h e  s t a t e  i n  general  

and again emphasizes the  dominance o f  t he  Oak Ridge - K n o x v i l l e  area i n  

t he  reg iona l  economy. Manufactur ing employment i s  a l s o  g rea te r  i n  

Anderson (37.4%), Loudon (46.3%) and Roane (48.7%) Counties than f o r  

the Sta te  of Tennessee (30.6%) w i t h  government workers showing s i m i l a r  

increased percentages. 

Perhaps more impor tan t  than the  employment s t r u c t u r e  i s  t he  s p a t i a l  

d i s t r i b u t i o n  o f  those who are  employed a t  t h e  var ious  Oak Ridge f a c i l -  

i t i e s .  F igure 8.1-2 r e i n f o r c e s  t h e  commuter pa t te rns  c i t e d  e a r l i e r  

and po in t s  o u t  t h e  h igh  percentage o f  persons working a t  Oak Ridge t h a t  

res ide  ou ts ide  t h e  community. Annual surveys f u r t h e r  i n d i c a t e  t h a t  t h i s  

percentage cont inues t o  increase. R. J. Har t ,  Manager of t h e  AEC Oak 
\ 



Ridge Operations, has noted t h a t  employees o f  t h e  severa l  AEC f a c i l i t i e s  

l i v i n g  ou ts ide  Oak Ridge dur ing  1972 t o t a l e d  9,266 (62%) compared t o  

5,670 (38%) who l i v e d  and worked i n  Oak Ridge. To ta l s  f o r  1971 were 

9,338 (61.1%) and 5,940 (38.9%), respec t i ve l y .  ( 4 )  

I t  i s  a l s o  apparent f rom Figure 8.1-2 t h a t  3,045 persons o r  20.4 percent  

o f  t h e  t o t a l  number employed a t  t h e  Oak Ridge f a c i l i t i e s  are l i v i n g  i n  

Knoxv i l l e .  Al though these numbers r e f e r  o n l y  t o  AECIcontract workers, 

i t  appears t o  be a  sa fe  assumption t h a t  s i m i l a r  t rends migh t  we l l  be 

expected throughout t h e  remainder o f  t h e  employment sec tors .  I n  f a c t ,  

manufactur ing l and  use fo recas ters  take  these pa t te rns  i n t o  considera- 

t i o n  i n  t h e i r  p r o j e c t i o n s  and expect them t o  remain b a s i c a l l y  unchanged 

through 1990. (5 )  

8.1.3 INCOME 

Income c h a r a c t e r i s t i c s  p a r a l l e l  employment t rends o u t l i n e d  i n  t h e  prev ious 

sect ion.  Dominance o f  Knox and Anderson Counties w i t h  $933,200,000 and 
3 

$220,500,000 o f  annual personal income, respec t i ve l y ,  i s  s t ressed as 

shown i n  Table 8.1-7. The h igher  pe r  c a p i t a  income (Knox-$3,364, 

Anderson-$3,387) i s  i n d i c a t i v e  o f  t he  h ighe r  wages commanded by t h e  

p ro fess iona l  and techn i ca l  employees o f  AECIcontract operat ions i n  t h e  

area. 

Family income f u r t h e r  subs tan t ia tes  t h i s  p a t t e r n  w i t h  ~ n d e r s o n  and Knox 

Counties r e p o r t i n g  a  h ighe r  median income and a  l a r g e r  percentage of 

fami 1  i e s  w i t h  annual incomes over  $1 5,000. Conversely, each county has 

a  lower percentage o f  f a m i l i e s  w i t h  income below t h e  pover ty  l e v e l  than 

the  S t a t e  o f  Tennessee (18.2%), as can be seen i n  Table 8.1-8. However, 

t h i s  does n o t  h o l d  i n  t h e  count ies o f  Roane and Loudon where t h e  percent-  

age o f  AECIcontract employees i s  somewhat lower.  
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This  t rend toward comparat ively h igher  income i s  even more pronounced 

i n  the  Oak Ridge household income d i s t r i b u t i o n  and the  d i f f e r e n t i a l  

continues t o  increase. Approximately one- th i  r d  more households received 

incomes o f  $10,000 and over  i n  1970 than i n  1960, as shown i n  Table 8.1-9. 

This  d i s t r i b u t i o n  f o r  Oak Ridge f a m i l i e s  i n  t he  $10,000 and over cate- 

gory runs s i g n i f i c a n t l y  h igher  than e i t h e r  s t a t e  o r  na t i ona l  l eve l s .  (1)  

The s p a t i a l  d i s t r i b u t i o n  of t he  AEC/contractor p a y r o l l  a1 so para1 1 e l s  

t h a t  o f  area employment and i s  r e f l e c t i v e  o f  t he  es tab l ished commuter 

pa t te rns .  F igure 8.1-3 i s  an i l l u s t r a t i o n  o f  t h i s  d i s t r i b u t i o n  and 

f u r t h e r  h i g h l i g h t s  the  s ign i f i cance  of the  Oak Ridge/Knoxvi l le  p ropor t ion .  

These two m u n i c i p a l i t i e s  account f o r  42.3 percent  and 20.0 percent,  

respect ive ly ,  o r  a t o t a l  of 62.3 percent o f  the  AEC p a y r o l l .  The 

increas ing  importance o f  communities ou ts ide  o f  Oak Ridge i s  a l s o  ev ident .  

R. J. H a r t  revealed t h a t  t he  Oak Ridge Atomic Energy program p a y r o l l s  

cont inue t o  e x e r t  a  dominant impact on the  economy o f  t he  region.  (4 

Records o f  AEC/contractor p a y r o l l  d i s t r i b u t i o n  reveal  t h a t  res idents  

l i v i n g  i n  such areas as Knoxv i l le ,  C l i n ton ,  Kingston and Leno i r  City 

are  r e c e i v i n g  an increas ing  percentage of t h e  t o t a l  p a y r o l l .  ( 4 )  

H a r t ' s  statement i s  supported by the  f a c t  t h a t  t he  commuters' share o f  

wages rose one percent  ( from 56.7% i n  1971 t o  57.5% i n  1972) w h i l e  t he  

Oak Ridge res iden ts '  share dropped one percent  ( f rom 43.3% i n  1971 t o  

42.3% i n  1 9 7 2 ) . ( ~ )  

Emphasis has been placed upon t h e  dominance o f  AECIcontract employment 

and income i n  the  area. Although t h i s  i s  c e r t a i n l y  n o t  the  t o t a l  source 

o f  economic support f o r  t h e  region, i t  i s  an i n d i c a t i o n  of the  s p a t i a l  

d i s t r i b u t i o n  o f  a s i g n i f i c a n t  p a r t  o f  t he  employment and income o f  Oak 

Ridge Operations. Estimates o f  f u t u r e  Oak Ridge employment t o  1983 

i n d i c a t e  t h a t  t he  AEC/contractor share o f  t he  work force w i l l  r un  

c lose  t o  the  70 percent  l e v e l  as shown i n  Table 8.1-10. Considering 

t h i s  along w i t h  t h e  i nc reas ing  percentage o f  these employees l o c a t i n g  
\ 



i n  surrounding communities, i t  i s  apparent t h a t .  t h e  Oak Ridge operat ions 

personnel w i l l  serve as an i n d i c a t o r  o f  where f u t u r e  growth and l o c a t i o n s  

o f  employees may occur.  

These comparat ive ly  h ighe r  wages and the  i n c r e a s i n g l y  w ider  d i s t r i b u t i o n  

o f  Oak Ridge employees are considered i n  t h e  eva lua t i on  o f  t he  economic 

impact o f  p l a n t  cons t ruc t i on  and opera t ion .  

8.1.4 HOUSING 

Data on vacant housing f o r  t h e  area around t h e  CRBRP S i t e  are presented 

i n  Tables 8.1-11 and 8.1-12. The numbers contained i n  Table 8.1-11 i n d i -  

ca te  t he  ac tua l  housing a v a i l a b l e  w h i l e  t h e  u t i l i z a t i o n  r a t e s  i n  

Table 8.1-12 p rov ide  some comparison between count ies,  t h e  reg ion  and t h e  

S ta te  o f  Tennessee. The i n fo rma t i on  on plumbing i s  used as an index 

o f  housing q u a l i t y  s i nce  t h e  1970 census d i d  n o t  i nc lude  these types o f  

data. 

It should be noted t h a t  these census data a re  very general i n  na ture  

and deal w i t h  average values. The data serve o n l y  t o  p rov ide  broad 

comparisons between the  communities i nvo l ved  and t h e  i n fo rma t i on  must 

be used accord ing ly .  More c u r r e n t  and s p e c i f i c  data a re  presented i n  

t he  f o l l o w i n g  sec t i on  which deals w i t h  t h e  impact on p a r t i c u l a r  communi- 

t i e s .  

I n  general, t h e  data conta ined i n  both t ab les  i n d i c a t e  i t  would be more 

d i f f i c u l t  t o  f i n d  a house f o r  s a l e  than one f o r  r e n t  throughout t he  

four-county reg ion .  A1 so, t he  u t i l i z a t i o n  r a t e s  shown i n  Tab1 e 8.1-1 2 

show t h a t  Knox County has a h ighe r  percentage o f  houses bo th  f o r  r e n t  and 

f o r  s a l e  than any o f  t h e  o t h e r  f o u r  count ies,  t he  general  reg ion  o r  t he  

S ta te  o f  Tennessee. 

Another " r e a l "  f a c t o r  impor tan t  t o  t h e  ana l ys i s  o f  housing avai  l a b i  1 i t y  

i s  p r i c e .  Most o f  t h e  recent  housing cons t ruc t i on  i n  t h e  area, p a r t i c -  



u l a r l y  Oak Ridge, has been of  t h e  high-income s ing le - fam i l y  type. (7)  

The f i g u r e s  i n  Table 8.1-1 1  tend t o  v e r i f y  t h i s  w i t h  the  average value 

o f  u n i t s  f o r  Oak Ridge repor ted  t o  be $18,056, considerably h igher  than 

the  same s t a t i s t i c  f o r  Anderson County as a  whole ($12,906). Knoxv i l le ,  
on the  o ther  hand, commands a  lower average value than e i t h e r  Oak Ridge 

o r  Kings ton. 

Housing, w i t h  the  except ion of Knoxv i l le ,  appears t o  be l i m i t e d  i n  most 

o f  the  surrounding communities. Fur ther ,  t h a t  which i s  a v a i l a b l e  i n  

Oak Ridge i s  of t he  high-income s ing le - fam i l y  type which might  make i t  

unava i lab le  t o  the  m a j o r i t y  of workers a t  the  CRBRP S i t e .  

8.1.5 SCHOOLS 

A l l  schools i n  communities which could be impacted by the  C l i nch  R iver  

Breeder Reactor P l a n t  (CRBRP) cons t ruc t i on  and opera t ion  work f o r c e  are  

1  i s t e d  i n  Table 8.1-1 3. The f o l l o w i n g  d e s c r i p t i o n  o f  c u r r e n t  enro l lment  

and capac i ty  provides some i n s i g h t  as t o  where f u t u r e  enro l lments are  

poss ib le .  

8.1.5.1 ANDERSON COUNTY 

Schools operated by t h e  Anderson County Board o f  Education i n  communities 

which might  be a t t r a c t i v e  t o  employees on the  CRBRP p r o j e c t  a re  now near 

t o  o r  exceed t h e i r  maximum capaci ty .  No school i n  t he  county i s  w i t h i n  

10 m i les  o f  t h e  CRBRP S i t e .  No plans f o r  expansion o f  t he  school system 

are  fo recas t  through 1990. 

Two C l i n t o n  City Schools serve on l y  grades k indergar ten  through s i x t h .  

Both schools have a d d i t i o n a l  capac i ty  which would be a t t r a c t i v e  t o  

f a m i l i e s  w i t h  c h i l d r e n  i n  elementary grades. However, the  C l i n t o n  

Jun io r  and Senior High Schools, operated by t h e  Anderson County school 

system, both exceed the  maximum des i rab le  capaci ty .  



Schools i n  Oak Ridge a r e  expe r i enc ing  a d e c l i n e  i n  enro l lments .  One 

elementary school c losed  1 a s t  y e a r  and another,  E l m  Grove Elementary, 

i s  permanent ly c losed  as o f  June, 1974. Schools f o r  a l l  grades a re  

s i g n i f i c a n t l y  below t h e i r  maximum capac i ty .  Depending on a v a i l a b l e  

housing, t h e  schools cou ld  adequate ly  accommodate severa l  hundred add i -  

t i o n a l  enro l lments  a t  a l l  l e v e l s ;  t h i s  i s  p a r t i c u l a r l y  a t t r a c t i v e  due t o  

t h e  c l ose  p r o x i m i t y  o f  t h e  CRBRP t o  Oak Ridge. 

8.1 .5.2 KNOX COUNTY 

Several  communities i n  western and nor thwes te rn  Knox County would be 

a t t r a c t i v e  t o  employees o f  t h e  CRBRP p r o j e c t  because they  would p rov ide  

temporary housing, p a r t i c u l a r l y  apartments.  However, f o r  f a m i l i e s  w i t h  

school age c h i l d r e n ,  t h e  s i t u a t i o n  would be u n s a t i s f a c t o r y  because most 

schools i n  t h e  area exceed t h e i r  maximum capac i t y .  A d d i t i o n a l  f a c i  1  i t i e s  

a r e  planned f o r  1980 and 1990 j u s t  t o  meet p resen t  and p r o j e c t e d  e n r o l l -  

ment needs. 

8.1 . 5 . 3  LOUDON COUNTY 

Three Loudon County schools a re  w i t h i n  10 m i l e s  o f  t h e  CRBRP S i t e .  A l l  

t h r e e  a re  near t o  o r  exceed maximum capac i t y .  The Loudon City schools 

o f f e r  room f o r  accommodation o f  enro l lments  a t  a l l  grade l e v e l s ,  b u t  i t  

i s  a n t i c i p a t e d  t h a t  a d d i t i o n a l  schools w i l l  be needed i n  t h e  area w i t h i n  

10 m i l e s  o f  t h e  S i t e  by 1980. 

A l l  schools operated by t h e  L e n o i r  City Board o f  Educat ion a r e  w i t h i n  

10 m i l e s  o f  t h e  S i t e  and p resen t  enro l lments  a r e  below maximum capac i t y .  

8.1.5.4 MORGAN COUNTY 

The community o f  C o a l f i e l d  i s  w i t h i n  10 m i l e s  o f  t h e  S i t e  and Oakdale i s  

j u s t  beyond t h e  10-mi le  r ad ius .  Both cou ld  accommodate smal l  enro l lment  

ga ins a t  a l l  grade l e v e l s .  No new schools a r e  f o r e c a s t  f o r  1980 and 1990. 
1, 



8.1.5.5 ROANE COUNTY 

Roane County High School i s  overcrowded and a l l  o the r  schools i n  t he  

Kingston community a r e  a t  o r  near maximum capacity.  The Rockwood 

community o f f e r s  accommodations f o r  several hundred enrol lments a t  the  

j u n i o r  and sen ior  h igh  school l e v e l s  w i t h  the  elementary school near 

maximum capaci ty .  Plans have been made f o r  a s i n g l e  comprehensive h i g h  

school t o  be loca ted i n  t he  approximate geometric center  o f  Roane County. 

It would accommodate a l l  h igh  school age c h i l d r e n  o f  the  county, i n c l u d -  

i n g  those now a t tend ing  the  c i t y  h igh  school i n  Harriman as w e l l  as those 

from Kingston, Rockwood, O l i v e r  Springs and the  r u r a l  areas o f  the  county. 

Schools operated by the  Harriman Board o f  Education are  near maximum 

capaci ty .  F i ve  o f  t h e  seven schools i n  t h i s  system a re  w i t h i n  10 m i l e s  

o f  the  p l a n t  s i t e .  Some b u i l d i n g  i s  planned f o r  1980 and 1990. 

I n  general, t he re  appears t o  be room f o r  a d d i t i o n a l  c h i l d r e n  a t  a l l  

grade l e v e l s  i n  Oak Ridge and Len io r  City and t o  a l e s s e r  ex ten t  i n  

Loudon. The K n o x v i l l e  school system, on the  o the r  hand, i s  overcrowded 

a t  a l l  grade l e v e l s  and Kingston schools a re  near t o  o r  exceeding 

capaci ty . 



TABLE 8.1-1 

POPULATION OF OAK RIDGE AND SELECTED PLACES, 1950-1 970" ) 

1950 1960 1964* 1970 
Oak Ridge 30,229 27,169 29,696 28,319 

Anderson County 59,407 60,032 61,323 60,300 

Roane County 31,665 39,133 39,358 38,881 

Tennessee 3,292,000 3,567,089 3,805,000 3,923,687 

* Specia l  Census - U.S. Bureau o f  t he  Census 



TABLE 8.1-2 

AGE GROUP COMPOSITION OF THE POPULATION FOR OAK RIDGE, 1960 AND 1 9 7 0 ' ~ )  

Under 5 years 

5-9 years 

10-14 

15-1 9 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60- 64 

65-69 

70- 74 

75-79 

80-84 

85 & over 

TOTAL 

1960-1 970 
Percent 
Change 



TABLE 8.1-3 

AGE GROUP POPULATION TRENDS AND PROJECTIONS FOR OAK RIDGE, 1950 - 1990 

Age Group 

0 - 4  

5 - 9  

10 - 14 

15 - 19 

20 - 24 

25 - 29 

30 - 34 

35 - 39 

40 - 44 

45 - 49 

50 - 54 

55 - 59 

60 - 64 

65 - 69 

70 - 74 

75 and Over 

To ta l  

"Cohorts aggregated due t o  change i n  census data 
c o l l e c t i o n  procedure 
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TABLE 8.1-6 

1970 OCCUPATION 

(Percent o f  Employed Persons) 

Professional  Manufacturing Government 

Tennessee 12.3 30.6 16.1 

Anderson 25.6 37.4 24.9 

Knox 16.4 22.7 20.9 

Loudon 7.8 46.3 17.7 

Roane 11.6 48.7 17.0 

Source: U.S. Census, 1970 
General Socia l  and Economic Character i  s t i c s  



TABLE 8.1-7 

1970 ESTIMATED TOTAL PERSONAL AND PER CAPITA INCOME 

OF RESIDENTS IN COUNTIES SURROUNDING C R B R P ( ~ )  

County Total Personal Income Per Capita Income 

Knox* $933,200,000 $3,364 

Anderson* 220,500,000 3,387 

Loudon** 55,317,000 2,275 

Roane** 86,939,000 2,231 

*center f o r  Business and Economic Research, Un ive rs i t y  
o f  Tennessee, Knoxvi l le ,  Tennessee 

**Bureau o f  Economic Analysis , Department o f  Commerce 



TABLE 8.1-8 

FAMILY INCOME 

Annual 
Medi an Percent Percent 
Income Less Than $1 5,000 
(do1 1 a rs  ) Poverty Level* O r  More 

Tennessee 7447 18.2 11 - 6  

Anderson 8558 15.1 16.2 

Knox 81 95 

Loudon 6900 

Roane 7401 

Source: U.S. Census - 1970 General Socia l  and Economic 
Charac te r i s t i cs  

* In  1969, t he  pover ty  thresholds ranged from $1,487 f o r  a 
female unre la ted  i n d i v i d u a l  65 years o l d  and over l i v i n g  
on a farm t o  $6,116 f o r  a nonfarm fam i l y  w i t h  a male head 
and w i t h  seven o r  more persons (Table A). The average 
pover ty  th resho ld  fo r  a nonfarm f a m i l y  o f  f o u r  headed by 
a male was $3,745. 



TABLE 8.1-9 

HOUSEHOLD INCOME FOR OAK RIDGE, 

THE STATE OF TENNESSEE AND THE UNITED STATES 

1960 and 1970(' ) 

Percent o f  Households Change 

1960 1970 

Oak Oak Oak 
Cash Income Ridge Tenn. U. S. Ridge Tenn. U.S. Ridge Tenn. U.S. 

$10,000 - and Over 26.7 8.6 14.3 59.5 25.9 49.1 +32.8 +17.3 +34.8 



Year 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

TABLE 8.1-10 

ESTIMATES OF OAK RIDGE EMPLOYMENT 

(P r i va te ,  Local Government and I n s t i t u t i o n a l  ) 

Other  

2 00 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

AEC and 
Cos t -Ty  pe 

Cont rac tors  

14,911 

15,163 

15,943 

16,147 

16,650 

17,226 

17,324 

17,200 

17,200 

17,200 

17,200 

T o t a l  

20,791 

21 ,193 

22,138 

22,632 

23,309 

24,101 

24,449 

24,560 

24,795 

25,025 

25,260 

*The 1973 es t ima te  i s  based on employment data  c o l l e c t e d  by t he  Oak Ridge Chamber o f  Commerce. Annual increases 
o f  100 f o r  each successive yea r  r e f l e c t  a judgment concern ing l o c a l  c a p a b i l i t y  t o  develop o r  r e c r u i t  new i n d u s t r i a l  
employment. Data a re  n e t  o f  losses ( f a i l u r e ,  move-outs) and ga ins  (new qrowth, move-ins).  

**Est imated on b a s i s  o f  E r i c  H i l l  Assoc ia tes '  approach presented i n  "Popu la t i on  and Economy, Oak Ridqe, Tennessee," 1969. 

+Est imated i n  l i n e  w i t h  E r i c  H i l l  Assoc ia tes '  p r o j e c t i o n  i n  "Popula t ion and Economy, Oak Ridge, Tennessee," 1969, p 61. 

++See comments concern ing wholesa le  t r ade  employment i n  "Popula t ion and Economy, Oak Ridge, Tennessee," 1969, pp 52,53 and 55. 

VBased on l o c a l  judgment,concerning poss ib l e  employmmt t rends.  The 1973 data  were ob ta ined  f rom FY 1974 budget documents o r  
telephone conversat ions w i t h  o f f i c i a l s .  

Percent 
AEC 

Cont rac tors  



TABLE 8.1-11 

HOUSING VACANCY INFORMATION 

FOR AREA AROUND CRBRP SITE, 1970") 

Counties 

Anderson 

Vacant Vacant 
f o r  Rent f o r  S a l e  Only 

No. of  year-round 
housing u n i t s  544 

W i t h  a l l  plumbing 388 

Avg. va lue  o r  monthly 
r e n t  of  a l l  vacant  
u n i t s  $ 65.52 

Knox - 
No. of  year-round 
housing units 2,760 

With a l l  plumbing 2,412 

Avg. va lue  o r  monthly 
r e n t  o f  a l l  vacant  
u n i t s  $ 77.86 

Loudon 

No. of year-round 
housing u n i t s  145 

With a l l  plumbing 89 

Avg. va lue  o r  monthly 
rent of  a1 1 vacant  
u n i t s  $ 50.35 

(Continued) 



TABLE 8.1-1 1 (Continued) 

Vacant Vacant 
Counties f o r  Rent f o r  S a l e  Only 

Roane 

No. of year-round 
housing u n i t s  281 

W i t h  a l l  plumbing 2 29 78 

Avg. value o r  monthly 
rent of a1 1 vacant  
u n i t s  $ 49.32 $ 15,481 

C i t i e s  and Towns 

K i  nqs ton (Roane County 1 

No. of year-round 
housing units 2 1 

With a l l  plumbing 2 0 

Avg. value o r  monthly 
r e n t  of a l l  vacant  
u n i t s  $ 86.85 

Knoxville (Knox County1 

No. of year-round 
housing u n i t s  2,387 

With a l l  plumbing 2,179 

Avg. value o r  monthly 
r e n t  of a l l  vacant  
u n i t s  $ 79.97 

(Continued) 



TABLE 8.1-1 1 (Continued) 

Vacant Vacant 
C i t i e s  and Towns f o r  Rent f o r  Sale Only 

Loudon (Loudon County 

No. of year-round d 

housing u n i t s  18 

Wi th a l l  plumbing 18 

Avg. va lue o r  monthly 
r e n t  o f  a l l  vacant 
u n i t s  $ 62.67 - - 
Oak Ridge (Anderson & 
Roane Count ies) 

No. o f  year-round 
housing u n i t s  3'40 

Wi th a1 1 plumbing 267 56 

Avg. va lue o r  monthly 
r e n t  o f  a l l  vacant 
u n i t s  $ 73.53 $ 18,056 

Harriman (Roane County) 

No. o f  year-round 
housing u n i t s  9 0 

Wi th a l l  plumbing 77 2 8 

Avg. va lue o r  monthly 
r e n t  o f  a l l  vacant 
u n i t s  $ 48.22 $ 12,885 

(Continued) 



TABLE 8.1-1 1 (Continued) 

Vacant 
i e s  and Towns f o r  Rent 

Leno i r  C i t y  (Loudon County) 

No. of year-round 
housing u n i t s  44 

Wi th a l l  plumbing 37 

Avg. va lue o r  monthly 
r e n t  o f  a l l  vacant 
u n i t s  $ 50.27 

Rockwood (Roane County) 

No. o f  year-round 
housing u n i t s  32 

Wi th a l l  plumbing 29 

Avg. va lue o r  monthly 
r e n t  o f  a l l  vacant 
u n i t s  $ 46.25 

Vacant 
f o r  Sale Only 



TABLE 8.1-12 

VACANT HOUSING UNITS 

AS PERCENTAGE OF ALL YEAR-ROUND HOUSING UNITS 
(9)  

Vacant f o r  Rent Vacant f o r  Sale Onlv 
To ta l  Wi th To ta l  Wi th 

Percent A1 1 P l  umbi nq  Percent A1 1 P l  umbi n q  

Anderson 2.66 1.90 0.65 0.50 

Knox 2.98 2.60 0.89 0.82 

Loudon 1.72 1.05 0.52 0.39 

Roane 2.12 1.73 0.65 0.59 

4-County Area 2.77 2.31 0.80 0.72 

Tennessee 2.55 1.84 0.87 0.67 



TABLE 8.1-13 

School Svstem 

Anderson County 

SCHOOLS I N  COMMUNITIES WHICH COULD BE IMPACTED BY 

THE CRBRP CONSTRUCTION WORK FORCE 

Clinton 

\ 1 Oak Ridoe 

No. - 

1 

2 

3 

4 

5 

6 

7 

8 

Grade 
School Drqan iza t ion  

Claxton Elem. 1- 6 

Cl in ton  J r .  H.S. 7- 9 

Cl in ton  S r .  H.S. 10-12 

Daniel Arthur  Rehab.** 

Marlow El em. 1- 6 

Norwood El em. 1 -  6 

Norwood J r .  H.S. 7-- 9 

South Cl in ton  Elem. K- 6 

Cl in ton  Elem. K- 6 

M. Cl in ton  Elem. K- 5 

Cedar H i l l  Elem. K- 6 
++ 

Elm Grove Elem. K- 6 

Gl enwood Elem. K- 6 

J e f f e r s o n  J r .  H.S. 7- 9 

Linden Elem. K- 6 

Oak Ridge H.S. 10-12 

R o b e r t s v i l l e  J r .  H.S. 7- 9 

Willow Brook Elem. K- 6 

Wood1 and Elem. K- 6 

Enrollment 
1973 

645 

1,053 

1,127 

271 

179 

489 

345 

356 

Maximum 
Capaci ty  

( C o n t i n u e d )  



TABLE 8.1-13 (Continued) 

School System, - No. 

Knox County 20 

21 

22 

23 

2 4  

2  5  

2 6 

2 7  

28 

29 

30 

Loudon County 3 1  

3 2 

3 3  

34 

35 

3  6 

37 

38 

L e n o i r  C i  t v  39 

40 

41 

42 

Grade 
School -. Q r q a n i z a t i o n  

B a l l  Camp Elem. 

B l u r  Grass Elem. 

Cedar B l u f f  Prim. 

Cedar B l u f f  F ? i  d .  

F a i r v i e w  Elem. 

F a r r a g u t  Mid. 

Far ragu t  H.S. 

F a r r a g u t  Prim. 

Hard in  Val l e y  El em. 

Karns Elem. 

Karns H.S. 

Browder Elem.* 1- 8  

Eatons Elem.* K- 8 

Glendale Elem. 1- 8  

H igh land  Park Elem.* K- 8  

Loudon Elem. K- 4  

Loudon H.S. 9-1 2  

Loudon J r .  H.S. 5- 8  

P h i l a d e l p h i a  Elem. K- 8  

L e n o i r  City H.S.* 9-12 

L e n o i r  C i t y  J r .  H.S.* 5- 8  

N i c h o l s  Elem.* K- 4  

West H i l l  Elem.* 1- 6 

Enro l lment  
1973 

?faximum 
Capaci ty  

(Continued) 



TABLE 8.1-13 (Cont inued)  

Grade 
School System - No. School Orqanization 

Morqan County 4 3 

44 

45 

4 6 

Roane County 4 7 

48 

49 

50 

Coalfield Elem.* 

Coalfield H.S.* 

Oakdale Elem. 

Oakdale H.S. 

Cherokee Elem* 

Dyllis Elem* 
Edgewood + 

Emory Elem.* 

Fai rview Elem* 

~ i n g s t o n  El em. * 
Kingston J r .  H.S.* 

Midtown Elem. 

Midway H.S. 

01 ive r  Springs Elem. 

Oliver Springs H.S. 

Paint  Rock Elem. 

Pond Grove Elem. 

Ridge View Elem. 
Roane County H.  S . * 
Rockwood J r .  H.S. 

Roc kwood H . S . 

Harriman 62 CumberlandJr. H.S.* 7 - 9  

63 Harrirnan Ctr l .  Elem.* 1- 6 

64 Harriman H.S.* 10-12 

6 5 Margrave Elem.* 5- 6 
66 R .  S. Bowers Elem. 1- 6 

67 S. Harriman J r .  H.S. 7- 9 

68 Walnut Hill  Elem.* 1- 4 

Enrol lment 
1973 

*Schools within 10 miles of CRBRP s i t e .  
**School f o r  r ehab i l i t a t ion  and special  learning.  
+Edgewood Elementary i s  within 3 miles of S i t e .  

++Closed permanently June 1974. 



F i  gure 8.1 - 1 KNOXVILLE METROPOLITAN AREA COMMUTING PATTERNS 
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Figure 8.1-2 DISTRIBUTION OF EMPLOYMENT WORKING IN U .S. ATOMIC 
ENERGY COMMISSION PROGRAMS IN OAK RIDGE, 1972(10) 
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8.2 BENEFITS 

The a n t i c i p a t e d  b e n e f i t s  which w i l l  be der ived from the  cons t ruc t i on  and 

opera t ion  o f  the  C l i nch  R ive r  Breeder Reactor P lan t  can be reviewed i n  

two categor ies.  F i r s t  a re  those pr imary b e n e f i t s  which a re  der ived 

d i r e c t l y  from meeting the  o b j e c t i v e  o f  t h e  proposed f a c i l i t y  -- t o  pro- 

v ide  a  v i t a l  s tep i n  t he  development o f  a  commercial breeder reac to r  

i n d u s t r y  which i s  o f  utmost importance t o  the  Nat ion i n  general.  There 

are a l so  secondary b e n e f i t s  which, al though no t  i n  themselves j u s t i f i -  

ca t i on  f o r  the  ex is tence o f  t h e  CRBRP p r o j e c t ,  a re  o f  r e a l  concern t o  the  

communities more immediate t o  the  S i t e  s ince  they i n v o l v e  economic 

s t i m u l i  t o  t he  area i n  terms o f  employment and income along w i t h  the  

associated e f f e c t s  on the  l i f e s t y l e s  o f  people. 

8.2.1 PRIMARY BENEFITS 

Although the  product ion  o f  power has been the  one pr imary b e n e f i t  most 

o f t e n  c i t e d  as j u s t i f i c a t i o n  f o r  commercial power p l a n t  cons t ruc t i on  i n  

t h e  past ,  i t  i s  of r e l a t i v e l y  l i t t l e  importance i n  t h i s  case due t o  the  

f a c t  t h a t  t he  CRBRP i s  a  demonstration p l a n t .  There a re  greater  and more 

f a r  reaching b e n e f i t s  t h a t  w i l l  have long range e f f e c t s  upon the  e n t i r e  

n a t i o n  which command more emphasis i n  t h i s  study. 

The pr imary purpose of  t h e  p r o j e c t  i s  t o  e s t a b l i s h  the  v i a b i l i t y  o f  t he  

LMFBR as a  r e l i a b l e ,  sa fe  and envi ronmental ly  acceptable source o f  

e l e c t r i c a l  energy and t o  p rov ide  a  major c o n t r i b u t i o n  t o  the  techn ica l  

knowledge t h a t  i s  necessary t o  e s t a b l i s h  a  commercial LMFBR indus t r y .  

One of t he  major r e s u l t i n g  bene f i t s ,  o f  course, i s  the  more e f f i c i e n t  use 

of raw uranium ore  and the  assurance o f  an extended supply o f  f i s s i l e  

ma te r i a l  f a r  beyond t h a t  a t t a i n a b l e  w i t h  present  day water and gas cooled 

reac tors .  As a  f u r t h e r  r e s u l t ,  t h i s  w i l l  reduce the  s t r a i n  now being 

placed upon the r a p i d l y  decreasing known supp l ies  o f  petroleum and na tu ra l  

gas. More impor tan t ly ,  i t  w i l l  reduce the  dependence o f  the  Uni ted States 



upon those nations which are now supplying those resources and a t  the 

same time improve the country's balance of payments. Although these 
kinds of benefits are  long range and perhaps not as "measurable" as those 

of employment and income, they are  as real as the relat ively short range 

stimulus to  the regional economy and must be weighed heavily on the 

benefit side of a cost/benefit analysis. 

These benefits have been discussed in Sections 1.1 and 1.2 and will not 

be repeated here. Rather, t h i s  section will concern i t s e l f  with the 

detail  of secondary effects  of plant construction and operation with i t s  

consequent impact upon the economic and social s t ructure of communities 

in the more immediate area. 

8.2.2 SECONDARY BENEFITS 

In addition to  the benefits of national importance resulting from the 

advancement of breeder technology which are unique to  the CRBRP,  there 

are those which are common t o  any project of th i s  s i ze  that  have an impact 

upon the economy and social structure of an area. These types of benefits 

of a more local nature are  presented in the following subsections. 

8.2.2.1 EMPLOYMENT AND INCOME 

One of the main secondary benefits from any project the s i ze  of the CRBRP 

i s  the effect  i t  will have in terms of economic expansion. More specifi-  

cal ly ,  how many new jobs will i t  create and, consequently, how much wi 11 

i t  add to  local payrolls? In response to  t h i s ,  the estimated number of 

persons required for  the construction and operation of the CRBRP during 

the i n i t i a l  10-year period are  presented in Table 8.2-1. 

The estimated peak construction payroll for  the CRBRP i s  presented in 

Table 8.2-2. These figures have been based on a percentage breakdown of 

employees for  the Watts Bar Nuclear Plant and present TVA wage scales.  



Although s i m i l a r  scales f o r  t he  operat ions and techn ica l  personnel have 

n o t  been f i n a l i z e d  a t  t h i s  t ime, est imates have been made which should 

prov ide  some i n d i c a t i o n  o f  t he  expected income f o r  t h i s  group. For 
example, an average annual sa la ry  o f  $13,250 f o r  t he  operators appears 

reasonable based on pay scales a t  t h e  Be l l e fon te  Nuclear P lan t .  Also 

s ince  PMC techn ica l  people would command a  h igher  s a l a r y  than construc- 

t i o n  workers and operators, an average annual sa la ry  of $1 7,500 was 

considered w i t h i n  range. 

The above pay scales, based on 1974 d o l l a r  values f o r  comparison purposes, 

have been used t o  c a l c u l a t e  the  cumulat ive e f f e c t  o f  income through 1983, 

as shown i n  Table 8.2-3. Considering these annual averages and the  e s t i -  

mated number o f  employees i n  each category, $92,676,900 can be expected 

t o  be generated by the  cons t ruc t i on  force alone w i t h  an a d d i t i o n a l  

$9,805,000 and $8,050,000 fo r  t h e  operat ions and techn ica l  groups 

respec t i ve l y  through 1983. The year  w i t h  t h e  s i n g l e  l a r g e s t  amount o f  

revenue w i l l  occur du r ing  peak cons t ruc t i on  i n  1979 w i t h  $29,373,200. 

The combined t o t a l  f o r  a l l  t h ree  groups over  t he  10-year pe r iod  amounts 

t o  $110,531,900. Considering the  l ong  term bene f i t s ,  t he  s a l a r i e s  o f  the  

opera t iona l  f o rce  can be extended over  t he  30-year 1  i f e  o f  t he  p l a n t .  

For example, i n  a d d i t i o n  t o  t h e  i n i t i a l  10-year pe r iod  o u t l i n e d  i n  

Table 8.2-3, the  permanent employees can expect t o  rece ive  another 

$44,077,500 between 1983 and the  year  2010. This  r e s u l t s  i n  a  grand 

t o t a l  o f  $154,609,400 worth o f  b e n e f i t s  received from wages and s a l a r i e s  

du r ing  cons t ruc t i on  and opera t iona l  l i f e  o f  t he  p l a n t .  

Al though the  above f i g u r e s  are  usefu l  i n  comparing r e l a t i v e  con t r i bu t i ons  

o f  i n d i v i d u a l  segments o f  t he  work force,  any p r o j e c t i o n  o f  monetary- 

values i n t o  the  f u t u r e  must account f o r  esca la t i on  and d iscount  ra tes  

t h a t  determine t h e i r  present  worth. Therefore, Table 8.2-4 r e f l e c t s  t he  

present  value o f  t o t a l  est imated p a y r o l l  assuming a  n e t  ga in  i n  wages 

of 3.5,percent (discounted 8%) (2 )  from the beginning o f  cons t ruc t i on  



through the  30-year l i f e  of the  plant .  T h i s  represents a present value 

of $352,737 i n  the year 2010 with a t o t a l  cumulative e f f e c t  of $108,119,944 

over the  e n t i r e  period from 1974-2010. 

8.2.2.2 INDUCED EMPLOYMENT AND INCOME 

There a r e  a var ie ty  of e f f ec t s  t h a t  cannot be d i r ec t l y  a t t r i bu t ed  t o  the  

increased employment o r  income created by a new nuclear f a c i l i t y .  This 

i s  evidenced by the many recent attempts t o  measure i nd i r ec t  o r  "induced" 

impact with the  a id  of economic and employment mul t ip l iers .  The Appa- 

lachian Regional Commission, f o r  example, has calculated an endogenous 

employment mu1 t ip1  i e r  of 1.75 f o r  Anderson County, Tennessee. (3)  1n 

other  words, f o r  every economic base job created,  0.75 other  jobs a r e  

generated i n  local service  and production a c t i v i t i e s .  This i s  f a i r l y  

consis tent  w i t h  the  more general f indings of the  Chamber of Commerce of 

the United S ta tes  which found t h a t  68 additional people were employed 

i n  non-manufacturing jobs f o r  every 100 new factory  workers i n  a town. (4)  

These estimates should therefore  provide some indication of the  influence 

of the CRBRP on the local economy. 

Applying the  Anderson County mul t ip l i e r  of 1.75 t o  t he  expected 120 

permanent employees a t  the Clinch River S i t e  r e su l t s  i n  an increase of 

90 more jobs i n  o ther  employment sectors .  Using an est imate of $7,000 

average annual sa la ry  per each induced employee, an addit ional  $630,000 

per year wi l l  be generated by the  nuclear i n s t a l l a t i on  over and above 

the  d i r ec t  s a l a r i e s  paid t o  p lant  employees. Extending t h i s  over the  

projected 30-year l i f e  of the  plant  r e su l t s  i n  a t o t a l  induced e f f e c t  on 

income of $18,900,000 from 1981 through 2010. Adding t h i s  induced bene- 

f i t  t o  the $154,609,400 received from d i r e c t  payroll brings the  t o t a l  

e f f e c t  t o  $1 73,509,400. 

Also, looking a t  this induced e f f e c t  in present  value terms r e su l t s  i n  a 

cumulative f igure  of $11,728,780 from beginning of construction through 

the  30-year l i f e  of the  plant  as  shown i n  Table 8.2-5. 



8.2.2.3 POWER PRODUCTION 

Another secondary b e n e f i t  o f  t he  CRBRP i s  the  revenue produced from the  

e l e c t r i c a l  ou tpu t  from the  p l a n t .  Th is  est imated revenue du r ing  t h e  

opera t ion  pe r iod  i s  $47 m i l l i o n  (1974 d o l l a r s )  based on TVA p ro jec ted  

incremental power costs vary ing  between 6.9 t o  8.1 mi l ls/kWh over t he  

f i ve-year  demonstration opera t ion  per iod.  Th i s  amount, t o  be reimbursed 

by TVA, i s  t he  same as the  h ighes t  incremental cos t  TVA would have 

i ncu r red  a t  generat ing p lan ts  on i t s  system which i t  would otherwise 

have used f o r  producing t h e  same amount o f  energy o r  which i t  would have 

i n c u r r e d  i n  acqu i r i ng  such energy from o the r  sources through interchange 

and/or purchase. 

8.2.2.4 TAXES 

The CRBRP w i l l  be owned by and loca ted on land o f  t h e  U. S. Government. 

Under e x i s t i n g  laws n e i t h e r  t h e  p l a n t  nor  t he  l a n d  u t i l i z e d  f o r  the  

p l a n t  s i t e  w i l l  be sub jec t  t o  s t a t e  o r  l o c a l  ad valorem taxes l e v i e d  on 

p r i v a t e l y  owned r e a l  and personal p roper ty .  Also, i t  i s  be l ieved t h a t  

ma te r i a l ,  suppl ies and equipment used i n  cons t ruc t i on  o r  which become 

a component o f  t h e  p l a n t  and i t s  associated d i s t r i b u t i o n  system are 

exempt from sales and use taxes l e v i e d  under the  Tennessee R e t a i l e r s  

Sales Tax Act .  The p r i n c i p l e  sources o f  t a x  b e n e f i t s  t o  t h e  Sta te  and 

l o c a l  governments appear t o  be: 

1. D i r e c t  and i n d i r e c t  taxes on o r  r e s u l t i n g  from a d d i t i o n a l  

wages a.nd sa la r i es ,  business a c t i v i t i e s  and p r i v a t e  prop- 

e r t y  values a t t r i b u t a b l e  t o  employment and expenditures 

r e l a t e d  t o  cons t ruc t i on  and opera t ion  o f  t he  p l a n t .  (See 

Sect ion 8.2.1 f o r  est imates o f  employment and p a y r o l l .  ) ; 

2. Payments i n  l i e u  o f  taxes au thor ized pursuant t o  t h e  Atomic 

Energy Ac t  o f  1954, as amended (42 USCA 281 1 e t  seq. ) .  



The Atomic Energy Act authorizes payments in l ieu of property taxes to  
States and loca l i t ies  i n  which the ac t iv i t i e s  of the commission are 
carried on and in which the commission has acquired property previously 
subject to  State  and local taxation. The Act provides that  the commission 
will not make payments in excess of the taxes payable for  such property 

in the condition in which i t  was acquired except where the commission's 
ac t iv i t i e s  resul t  in "special burdens" on the State or  local government. 

The Government-owned land util ized fo r  the plant s i t e  could resu l t  in 
a small increase i n  AEC's i n  l i eu  of valorem tax payments to  Roane 
County. An increase in the number of employees engaged i n  AEC ac t iv i t i e s  
due to construction of the plant and i t s  operation during the demonstra- 
tion period also may resu l t  i n  some additional AEC payments in l ieu of 
taxes to  Roane and Anderson Counties. 

Although th i s  addition to  the local tax base may be considered a minimal 
factor in the net benefit lcost equation, i t  i s  only a small part  of the 
overall contribution the CRBRP will make to  the development of a whole 
new industry, research, nationwide employment and total  environmental 
enhancement. I t  i s  t h i s  much broader aspect of the project as described 
i n  the f i r s t  chapter of th i s  report, supplemented by the local benefits 
outlined here, that  resul ts  in the benefits f a r  outweighing the costs i n  

the final analysis. 





TABLE 8.2-2 

ESTIMATED PEAK CONSTRUCTION PAY ROLL*( 

I.YIE Number Average Wage T o t a l  

Management 51 $ 19,980 $ 1,018,980 

S k i l l e d  1,392 14,531 20,227,152 

Semi-ski l l e d  325 9,774 3,176,550 

Unski 1 l e d  282 9,464 2,668,848 

T o t a l  2,050 $ 53,749 $27,091,530 

*Based on percentage breakdown o f  employees f o r  Watts Bar Nuclear  
P l a n t  and p resen t  TVA wage sca les  f o r  va r ious  personnel ca tegor ies  



TABLE 8.2-3 

To ta l  

CLINCH R I V E R  BREEDER REACTOR 

ESTIMATED PAYROLL 

Const ruc t ion  Operations * Technical  ** 
Employed Income Employed Income Employed Income To ta l  

*Average Annual Salary $1 3,250 

**Average Annual Salary $1 7,500 



TABLE 8.2-4 

PRESENT VALUE OF TOTAL ESTIMATED PAYROLL 

P a y r o l l  Escal a ted Discounted 
Year - ( i n  d o l l a r s )  (3.5%) (08%) Cumulative 

*Payro l l  w i l l  remain constant  through t h e  year  2011 



Year - 
1974 

1975 

1976 

1 9-77 

1978 

1979 

1980 

1981 

TABLE 3.2-5 

PRESENT VALUE OF INDUCED ESTIMATED PAYROLL 

P a y r o l l  Escalated Discounted 
( i n  d o l l a r s )  (3.5%) (08%) Cumulative 

- - 

301,875 

687,604 

1,377,630 

2,174,703 

3,065,768 

3,635,127 

4,102,815 

*Payro l l  w i l l  remain constant  through t h e  year  201 1 



8.3 COSTS 

I f  the  Clinch River Breeder Reactor i s  t o  become an a s se t  t o  the  region 

and the nation as a whole, the benefi ts  derived from the  construction 

and operation must ultimately exceed the  costs .  These costs include not 

only the capi ta l  investment f o r  land acquis i t ion,  material and labor,  

b u t  a lso  the inherent social  costs  re la ted t o  any new industr ia l  develop- 

ment of t h i s  type. More and more government o f f i c i a l s  are  now being 

forced by public opinion t o  account f o r  these i n  the  evaluation of net  

benefi ts  t o  the  area. ) There has been increasing rea l iza t ion ,  f o r  

example, t ha t  industr ia l  growth often brings r i s ing  social  costs  i n  

terms of overcrowded housing, schools and highways as  well as noise, 
a i r  and water pollution.  A1 though these variables a re  much more d i f f i -  

c u l t  t o  measure than do l la r  values assigned t o  the  economics of con- 

s t ruct ion and operation, they must be considered i n  any complete impact 

eval uati on. 

8.3.1 INTERNAL COSTS 

The CRBRP wil l  be an a s se t  t o  the  nation. Even though the  d i r ec t  benef i ts  

derived from the  CRBRP may not, by themselves, be of such value i n  the  

shor t  run  as t o  o f f s e t  the  cost  of construction and operation,  the  

development of a viable breeder industry will  j u s t i f y  the overall costs  

and make the development of a new industry possible w i t h  great  benefi ts  

f o r  the future.  

Internal cost f igures fo r  the CRBRP wil l  ultimately r e f l e c t  the cost  of 

solving the problems of achieving re l i ab le  e l ec t r i c a l  generation w i t h  
LMFBR technology along with the envi ronmental considerations of assuring 

clean and safe  power generation. ( 2 )  

Project  cost  estimates are  presented in Table 8.3-1 which shows a plant  

investment of $868,600,000. 



I n  add i t i on ,  the  $427,100,000 f o r  development costs and t h e  $182,800,000 

f o r  opera t ing  costs b r i ngs  the  t o t a l  program costs t o  $1,478,500,000. 

8.3.2 SHORT-TERM EXTERNAL COSTS 

There are  f u r t h e r  e f f e c t s  which go beyond the  immediate S i t e  area which 

have impact on the  comfor t  and we l l -be ing  o f  t he  communi t y  and reg ion  

i n  general. As w i t h  any p r o j e c t  t he  s i z e  o f  the CRBRP, a  major concern 

i s  w i t h  t h e  i n f l u x  o f  people from outs ide  the  comnunity and the  associated 

impact on l o c a l  f a c i l i t i e s  and serv ices.  I n  t h i s  case, f o u r  major com- 

ponents o f  t h i s  i n f l u x  must be considered f o r  a  thorough understanding 

o f  t h i s  impact: 

1  . Professional  employees ; 

2. Technical and c l e r i c a l  workers; 

3. Const ruc t ion  fo rce  w i t h  mobi le  homes; and 

4. Const ruc t ion  f o r c e  i n  convent ional housing. 

An e a r l y  premise of t h i s  study was t h a t  Oak Ridge, a  nearby center  o f f e r i n g  

a  v a r i e t y  of goods and serv ices,  would sus ta in  the  major p a r t  o f  any 

impact. Fur ther  i nves t i ga t i on ,  however, has i n d i c a t e d  t h a t  t h i s  w i l l  n o t  

be the  case. The reason f o r  t h i s  l a c k  o f  impact on t h e  community i s  t he  

shortage o f  adequate housing t o  accommodate the  m a j o r i t y  o f  newcomers t o  

the  area. The few s i n g l e  f a m i l y  homes t h a t  a re  a v a i l a b l e  o r  a re  being 

b u i l t  are i n  the  p r i c e  range o f  $40,000 p lus,  which makes them unava i lab le  

t o  a l l  b u t  the  h igh  s a l a r i e d  pro fess iona l  o r  management people. (3 )  This,  

o f  course, accounts f o r  on l y  a  very small percentage o f  t he  t o t a l  i n f l u x .  

There are  several apartment complexes planned, as shown i n  Table 8.3-2, 

b u t  they may n o t  m a t e r i a l i z e  t o  the  ex ten t  a n t i c i p a t e d  s ince  they a r e  

p resen t l y  behind schedule due t o  "money problems" r e l a t e d  t o  i n f l a t i o n  

and r a p i d l y  r i s i n g  cons t ruc t i on  costs. (3 )  Furthermore, they would ba re l y  

accommodate those p resen t l y  seeking residence i n  Oak Ridge. This  i s  

apparent from the  l a r g e  number o f  workers i n  the community t h a t  now must 
\ 

-1 commute d a i l y  from Knoxv i l l e .  



Estimates of future employment in the Oak Ridge economy wi 11 further 

s t rain the housing market even i f  construction were to progress a t  an 

optimistic leve l ,  as can be seen in Table 8.1-10. 

As i s  generally true of such projects, the bulk of the e f fec t  may be 

caused by the comparatively large influx of workers during the peak 

construction period. The extent of impact created by this  work force,  

however, will be determined by the number of employees drawn into the 

area due to  the lack of local supply and, conversely, by the ab i l i ty  of 

the local labor pool to f u l f i l l  the demand. I n  an attempt to assess 

this  influx, construction employment demand i s  broken down into i t s  

major components in Table 8.3-3 and the potential supply for each cate- 

gory i s  reflected. ( 4 )  I t  should be noted tha t  these numbers are  consid- 

ered "potential " supply in that  they may not be readily avail able due 

to present employment. In conjunction with these figures,  other major 

construction projects in the area must be examined in relation to  the i r  

comparable ab i l i ty  to compete for  this  labor supply. For example, the 

Exxon Nuclear Fuel s Pl ant near Loudon i s  tentat i  vely scheduled. to  begin 

construction in January 1976 with peak employment possibly reaching 

1,200 to  1,300 workers. ( 5 )  Expansion i s  also anticipated a t  the K-25 

and X-10 f a c i l i t i e s  in Oak Ridge; th i s  i s  expected to peak a t  1,800 

workers in 1976. (6) Not only are  the absolute numbers important, b u t  

also the time schedules and the degree to  which these various projects 

"overlap" have significant bearing on influx estimates. Figure 8.3-1 i s  an 

i l lus t ra t ion  of the time relationship of peak demand for  each of the 

construction schedules considered pertinent to the CRBRP curve. 

Judging from the labor supply data in Table 8.3-3, the combined con- 

struction curves in Figure 8.3-1 and most importantly, past experience 

of similar nuclear power plant construction in the area, i t  i s  unlikely 

that  more than 10 to 20 percent of a l l  construction workers will or igi-  

nate from outside the Knoxville labor area. 



This would be a maximum o f  410 add i t i ona l  cons t ruc t ion  workers a t  the 

he igh t  o f  cons t ruc t ion .  

I t i s  extremely d i f f i c u l t  t o  determine where incoming people are going 

t o  l oca te  i n  a region.  There are some f a i r l y  r e l i a b l e  assumptions t h a t  

can be made, however, based on pas t  experience a t  s i m i l a r  nuc lear  power 

p l a n t  p ro jec ts  throughout the TVA region.  For example, i t  has been 

found r e c e n t l y  t h a t  up t o  50 percent  o f  the incoming cons t ruc t ion  fo rce  

are l i v i n g  i n  mobi le homes and t h a t  they tend t o  l oca te  as near as 

poss ib le  t o  the  p r o j e c t  s i t e .  ( 7 )  This  t rend  can be expected t o  cont inue 

f o r  the CRBRP. I n  t h i s  case, "near as poss ib le"  e l im ina tes  the  imnediate 

s i t e  and the l a r g e  surrounding area w i t h i n  the Oak Ridge Corporate 

l i m i t s  s ince there  i s  an ordinance which bans mobi le homes. The nex t  

most probable l o c a t i o n '  would be along Route 58 between the Gal l a h e r  

Br idge and I n t e r s t a t e  40 as shown i n  F igure 8.3-2. There are p resen t l y  

f o u r  mobi le home cour ts  i n  the area, two o f  which are  p lanning t o  expand. 

' i 
/ 

Hol iday Haven T r a i l e r  Park an t i c i pa tes  adding n ine  more t r a i l e r  pads 

and another n ine  pads are t o  be added a t  Ballew T r a i l e r  Park. (8)  The 

remaining two parks are a t  maximum capaci ty .  Although there  i s  the  poss- 

i b i  1  i t y  o f  new t r a i l e r  parks developing along t h a t  s t r e t c h  o f  highway, i t  

i s  u n l i k e l y  t h a t  t h i s  sec t ion  could absorb a l l  o f  the 205 incoming mobi le 

homes t h a t  are est imated f o r  the  peak year  1979; see Table 8.3-4. Most 

o f  these mobi le homes w i l l  probably be dispersed along the Kingston Pike 

between Kingston and Leno i r  City near e x i s t i n g  t r a i l e r s ,  as shown i n  

F igure 8.3-2. Two add i t i ona l  f a c t o r s  could i n f l u e n c e  the l o c a t i o n  o f  t h i s  

group w i t h i n  Roane County. F i r s t ,  i f  the Exxon p r o j e c t  mainta ins i t s  

t e n t a t i v e  schedule, most o f  the Leno i r  City and Loudon area w i l l  be 

sa tura ted  w i t h  t h a t  l a b o r  fo rce ;  thus, reducing the p r o b a b i l i t y  o f  CRBRP 

const ruc t ion  people s e t t l i n g  there.  Second, s ince the o n l y  access road 

t o  the S i t e  w i l l  be from Route 58 on the western s ide,  t he  Roane County 



section of the Kingston Pike would be more a t t rac t ive  to  the CRBRP 

construction workers. 

Although housing poses no problem for  th is  50 percent of the estimated 

influx of mobile-home owners, the i r  location within Roane County could 

have an impact on that  school system. For example, i f  TVA's experience 

with past projects of th i s  nature i s  a rel iable  indicator,  65 percent of 

the mobile-home incoming work force can be expected to  be married and 

bring approximately 1.0 school age children with them. ( 7 )  Consequently, 

as shown in Table 8.3-3, there i s  the possibi l i ty  of an increase of up 

to 135 students during the peak construction period that  would have to 

be accommodated. However, assuming that  a l l  mobile home dwellers are 

married, the maximum number of school age children would only reach 205. 

Although schools are near capacity in parts of Roane County, particularly 

in Kingston, the normal decrease in enrollment of 150 to 200 students 

per year as a resu l t  of 1 ower birth rates will help a1 levi a te  the impact 

of incoming students. This figure would pose no problem i f  plans 

fo r  a new elementary school a t  Midway and the comprehensive high school 

in Roane County were to  materi a1 i ze. 

The remaining construction workers (without mobile homes) and most of 

the technical personnel will probably be searching for conventional 

housing. Accommodations do exis t  in some of the surrounding communities 

such as Kingston and Lenoir City; however, housing i s  re lat ively scarce 

and can absorb only a small percentage of the total  influx. Many of 

the incoming apartment dwellers may, therefore, be drawn toward West 

Knoxville. F i r s t ,  i t  i s  quite common, as witnessed in the previous 

commuting patterns, for  large numbers of Oak Ridge employees to  commute 

daily from Knox County. Second, there i s  an abundance of new apartments 

available with additional units approved or planned fo r  the near future 

as can be seen in Table 8.3-5. 



Furthermore, the present  complexes are running a t  a low occupancy r a t e  

(approximately 40%) and are w i t h i n  the  p r i c e  range o f  the cons t ruc t ion  

fo rce  personnel (a  sample check revealed an approximate monthly average 

r e n t  o f  $155). I n  o ther  words, due t o  the t i g h t  housing market i n  Oak 

Ridge and the surrounding area, a l a r g e  percentage o f  the t o t a l  i n f l u x  

may be a t t r a c t e d  t o  the apartment complexes i n  West Knoxv i l le .  

I t i s  impossible t o  determine the prec ise  number of incoming workers t h a t  

might  l oca te  i n  convent ional housing i n  Knoxvi 11 e because there  are 

inadequate data t o  assess t h i s  type of f a c i l i t y  i n  areas c l o s e r  t o  the 

S i te .  I t  i s  apparent, however, t h a t  the  Knox County school system, 

which i s  a1 ready severely  overcrowded, may expect an i n f l u x  o f  a sub- 

s t a n t i a l  number o f  students. A reasonable est imate based on the above 

housing and i n f l u x  data could range from 150 t o  200 new students. 

There are a l so  several f a c t o r s  associated w i t h  nuc lear  p l a n t  construc- 

'I t i o n  and operat ions n o t  r e l a t e d  t o  employment and income which have 
1 

a s i g n i f i c a n t  impact on the economy o f  a region.  For instance, TVA's 

experience a t  Browns Ferry i n d i c a t e s  t h a t  0.5 percent  of the cons t ruc t i on  

cos t  i s  spent on purchases and spec ia l  cont rac ts  i n  the l o c a l  economy. (7 

A1 though t h i s  can be considered b e n e f i c i a l  i n  most cases, the concern 

a r i ses  as t o  whether o r  n o t  the temporary a d d i t i o n a l  demand might  r e s u l t  

i n  a sudden drop i n  economic a c t i v i t y  a t  the  end of  the  peak cons t ruc t i on  

p e r i  od. 

The impact i t  might  have on the  l o c a l  t rade i s  based upon the  est imate 

of approximately $868,600,000 o f  p l a n t  investment. Ca lcu la t i on  o f  0.5 

percent o f  t h a t  value y i e l d s  an increase i n  wholesale t rade o f  

$4,343,000 t o  be d i s t r i b u t e d  throughout the l o c a l  economy. Comparing t h i s  

f i gu re  w i t h  t h e  t o t a l  wholesale t rade vol  ume of $698,831,000 f o r  the 

four-county reg ion  around the CRBRP, shown i n  Table 8.3-6, would 

i n d i c a t e  t h a t  e x i s t i n g  es tab l  i shments o f  the area are capable o f  accommo- 



da t ing  the increased demand. I n  f a c t ,  t h i s  would on l y  amount t o  an 

approximate 0.62 percent  increase i n  annual sales. Even assuming t h a t  

some o f  the smal le r  b u t  t e c h n i c a l l y  soph is t i ca ted  f i r m s  i n  Anderson 

County might  capture a  s i g n i f i c a n t  p o r t i o n  o f  the l o c a l  expenditures , 
i t  would be d i s t r i b u t e d  over several years and no considerable physical  

o r  personnel expansion could be expected. This w i l l  ho ld  even i f  the 

o r i g i n a l  cos t  est imates are extremely low and a  sharp economic dec l ine  

i s  u n l i k e l y  a t  the end o f  the cons t ruc t ion  per iod.  

A problem commonly experienced dur ing  the  cons t ruc t ion  phase o f  such 

p ro jec ts  i s  r e l a t e d  t o  t r a f f i c  congestion. I n  the case o f  the CRBRP, 

a  subs tan t i a l  increase i n  load can be a n t i c i p a t e d  on Route 58 between 

Oak Ridge and I n t e r s t a t e  40. This  a r t e r y  p resen t l y  c a r r i e s  average 

d a i l y  t r a f f i c  (ADT) i n  excess o f  t h a t  genera l l y  recommended f o r  normal 

two lane highways and should be considered an area o f  concern. The 

congest ion would be subs tan t i a l  i f  the  s h i f t  changes a t  the  AEC i n s t a l -  

l a t i o n s  coinc ided w i t h  the "rush hour" associated w i t h  the  CRBRP. Time 

schedules and cu r ren t  t r a f f i c  counts are  unavai 1  ab le  which p r o h i b i t s  

an adequate assessment o f  the problem a t  t h i s  t ime. I t  should be con- 

s idered as a  p o t e n t i a l  t r oub le  spot,  however, and monitored f o r  developing 

problems and u t l i m a t e  m i t i g a t i n g  ac t i on .  

8.3.3 LONG-TERM EXTERNAL COSTS 

Long-term ex te rna l  costs stem f rom the changes t h a t  may occur throughout . 
the l i f e t i m e  o f  the  p r o j e c t .  These costs may range from minor inconven- 

iences t o  a  d i r e c t  l oss  o f  revenues. By and la rge ,  however, the operat ion 

o f  a  nuc lear  e l e c t r i c  generat ing f a c i l i t y  creates few d i r e c t  o r  i n d i r e c t  

socio-economi c  1  ong- term ex te rna l  costs.  



There are  1,364 acres w i t h i n  the  S i t e  boundaries. This acreage i s  

government-owned land i n  the  custody o f  TVA and t h e  area has been 

r e s t r i c t e d  from p u b l i c  use. As a  r e s u l t ,  there  i s  l i t t l e  change expected 

i n  terms o f  impairment o f  such th ings  as recreat ion,  land o r  water use. 

For example, although t h e  r i v e r  bank w i l l  be marked and posted t o  pre- 

vent p r i v a t e  o r  comnercial use o f  t h i s  area, a c t i v i t i e s  on the  C l inch 

R iver  r e l a t e d  t o  r i v e r  t r a f f i c  and f i s h i n g  w i l l  n o t  be a f fec ted  by the  

CRBRP operat ions. 

One o f  the most no t iceab le  long-term e f f e c t s  w i  11 be on l o c a l  meteorology 

s ince a  vapor plume formed by the  evaporat ion o f  water w i l l  be v i s i b l e  

above the  coo l i ng  towers. This may form fog  a t  ground l e v e l  on r a r e  

occasions and create  i c y  cond i t ions  on road systems i n  sub-freezing 

temperatures. These environmental e f f e c t s  are discussed i n  more de ta i  1  

i n  Sect ion 5.0. 

It i s  n o t  a n t i c i p a t e d  t h a t  the  operat ion o f  the p l a n t  w i l l  increase l o c a l  

government costs. The 120 permanent employees w i l l  be dispersed through- 

o u t  West Knoxv i l l e  and the  several smal ler  co rnun i t i es  near the  S i t e .  

Therefore, no one community o r  l o c a l  government u n i t  i s  expected t o  

support the  t o t a l  work fo rce  alone. As a  r e s u l t ,  there  w i l l  be no need 

fo r  add i t i ona l  admin is t ra t ion ,  equipment o r  f a c i  1  i t i e s  requ i red  t o  accom- 

modate t h i s  minimal populat ion increase. 

There w i l l  be no s i g n i f i c a n t  d e t e r i o r a t i o n  o f  aes the t i c  o r  scenic values 

i n  the v i c i n i t y  o f  t he  CRBRP. Based on past  experience i n  o ther  areas 

w i t h  s i m i l a r  nuclear  power p lants,  the  p r o j e c t  o f t e n  became obscure once 

the  const ruc t ion  phase was completed. I n  f a c t ,  most l o c a l  res idents  

gave very l i t t l e  thought t o  the  nuclear  i n s t a l l a t i o n  unless the  p l a n t ' s  

presence was questioned by outs iders.  

I n v e s t i g a t i o n  o f  t he  S i t e  has revealed no s i g n i f i c a n t  scenic o r  na tu ra l  

landmarks and t h e  on ly  s i t e  o f  l o c a l  h i s t o r i c a l  i n t e r e s t  i s  the  Hensley 



Cemetery which w i l l  be accessib le t o  members o f  t he  fami ly .  Archaeolo- 

g i c a l  s i t e s  were excavated; any f u r t h e r  i n v e s t i g a t i o n s  w i  11 be completed 

by t h e  t ime const ruc t ion  begins. Therefore, cons t ruc t i on  and opera t ion  

o f  t he  CRBRP w i l l  have no s i g n i f i c a n t  adverse e f f e c t  on h i s t o r i c a l ,  

scenic, c u l t u r a l  o r  na tu ra l  landmarks. This  i s  discussed i n  d e t a i l  i n  

. Sect ion 2.3. 



TABLE 8.3-1 

CRBRP DEMONSTRATION PLANT 

PROJECT COST ESTIMATE 

P lan t  Investment 

NSSS 
RM Equipment 
AE Equipment 
Const ruc t ion  
RM Engineering 
AE Engineering 

BOP 
Equi pment 
Const ruc t ion  
Engineer ing 

Devel opmen t Cost 
RM Engi nee r i  ns 

Cost ( M i l l i o n s  o f  $)* 

59.3 
Subto ta l  713.2 

48.4 
82.0 
25.0 

Subto ta l  155.4 

~ e s e a i c h  and bevel opment 114.1 
PMC S t a f f  (Cons t ruc t ion)  26.0 
Contractual  Services 10.1 
Insurance (Const ruc t ion)  1.2 
Sa fe t y  Sys tems - 35.0 

Subto ta l  427.1 

0 - e r a t i n  Cost 
-perating) 

Insurance (Operat ing) 8.4 
Operat ing and Maintenance 87.6 
Fuel f a b r i c a t i o n  ( I n i t i a l  Core) 67.4 
Fuel f a b r i c a t i o n  (Reload Cores) 84.1 
Speci a1 Nuclear Ma te r i  a1 16.6 

Subto ta l  275.6 
Revenue (Credi t )  (92.8) 

Program Cost 
P l a n t  Investment 
Development Cost 
Operat ing Cost 
To ta l  Program Cost 

* Values i n c l  ude cont ingency and e s c a l a t i o n  



TABLE 8.3-2 

APARTMENTS PLANNED 

(Oak Ridge , Tennessee) 

Description 

Br i a rc l  i f f  PUD 
Emory Val 1 ey 
I - ,  2- ,  and 3- 
bedroom townhouses 
(condominiums) (166 t o t a l  ) 

Lucaya Apartments 
Emory Valley 
I - ,  2- ,  and 3- 
bedroom apartments 
(140 t o t a l )  

Oakcl iff  P U D  
West H i l l s  
I - ,  2- ,  and 3- 
bedroom apartments and 
townhouses (393 t o t a l  ) 

Tara H i l l s  
Wood1 and Area 
I - ,  2- ,  and 3-bedroom 
apartments (214 t o t a l  ) 

Green t r e e  V i  1 1 age 
130 Townhouses 

Wi 1 derness Trace 
Condomi ni ums 
48 Townhouses 

Condominium townhouses, s i x  
un i t s .  West Outer and Walnut 
Lane 

Avai 1 ab le  

1977-1 978 

Summer, 1974 

Spr ing ,  1974 



TABLE 8.3-3 

PEAK CONSTRUCTION EMPLOYMENT 

Demand Supply 

Carpenters 200 1,100 

Electr ic ians 200 1,000 

I ron  Workers 135 675 

Steamfit ters 200 850 

To t a  1 735 3,625 



TABLE 8.3-4 

WORK FORCE COMPOSITION 

(1974 - 1983) 

Influx Technical 
Influx of Cons t r u c t i  on School Mobi 1 e and 

Construction Worker Age Home Operation Total 
Workers Fami 1 i e s  Chi 1 dren Dwel l e r s  Empl oyees Influx 

*All other f igures a r e  based on average annual employment 



TABLE 8.3-5 

WEST KNOXVILLE APARTMENTS 

Name o f  Apt. Uni ts 

Capella 
Deane H i l l  Apts. 
West Town Garden 
Bearden Arms 
Kingston Part Apts (Testerman) 
Kingston Square 
Ebenezer Road (Nova, Inc.) 
Beaverton Road 
Timbers West (Quad-plex) 
Timbers West (Apts) 
Elderberry , Teaberry, Flanders 
Cambridge Arms 
Cherokee West 
Testerman (Peters Rd) 
West Towne Terrace 
D i f f e t  (Elderberry, Gleason) 
Tenn. Rentals (Gleason Rd) 
Chi p-Co 
Sumnit C i r c l e  
Ashley Oaks 
15th Street  Co. (Lonas Rd) 
Big Oak 
Go1 den 
T m  House 
Caveton Forest 
Sans Souci 
West Town Manor 
West Gate Terrace 
Nightingale Lane 
Williamsburg Townhouses 
Rai 1 l e r y  Apartments 
Crossroads West 
Kimbraugh Cavemaugh 
Richard Adarns (Middlebrook) 
Sunflower Apts. 
Green t ree  
North Gate Lane 
Londontown Apts 
15th Street  Co. (unnamed) 
CGS (Cedar B l u f f  Rd) 
Jewel1 Builders o f  Ohio 
Wrights Ferry Rd. 

Sub-Totals 
Grand Total 

Under Const. Completed 

451 
160 
227 

8 
270 
228 

12 
68 

32 1 
120 
48 
46 

232 
150 

30 

21 6 
150 
228 
208 
32 

200 
110 

172 

12 

Approved 

24 
71 3 
540 

190 
146 

200 

100 

146 
400 
208 
132 

774 

+4pt. t o ta l s  as o f  August 10, 1973 



County 

Knox 

Anderson 

Loudon 

Roane 

T o t a l  

TABLE 8.3-6 

1967 WHOLESALE TRADE I N  COUNTIES 

AROUND PROPOSED C R B R P ( ~ )  

W ho l  esa l  e Trade 

$666,422,000 

9,870,000 

5,525,000 

17,014,000 
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Figure 8.3-2 POTENTIAL MOBILE HOME LOCATIONS 
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8.4 SUMMARY 

I f  the  C l i nch  R ive r  Breeder Reactor i s  t o  become an asset  t o  the  reg ion  

and the  na t i on  as a whole, the benef i ts  der ived from the cons t ruc t ion  

and opera t ion  must u l t i m a t e l y  exceed the  costs. 

I n  a d d i t i o n  t o  the  c a p i t a l  requ i red  f o r  p l a n t  cons t ruc t ion ,  there  are  

several shor t - term costs which have been revealed t h a t  must be considered. 

The most s i g n i f i c a n t  of these appears t o  be the  s t r a i n i n g  o f  the  t i g h t  

housing market i n  communities surrounding the  S i t e  and the  a d d i t i o n  o f  

students t o  the a l ready  overcrowded Knoxvi 1 l e  school system dur ing  the  

peak cons t ruc t ion  per iod.  Also, a p o t e n t i a l  problem e x i s t s  r e l a t e d  t o  

t r a f f i c  congest ion on Highway 58 i f  the  CRBRP and AEC operat ions s h i f t  

changes occur simultaneously. These are  temporary concerns i n  t h a t  they 

end upon completion o f  cons t ruc t ion .  Based on pas t  experience and 

i n v e s t i g a t i o n s  conducted a t  the  S i te ,  t he re  are  no adverse e f f e c t s  

a n t i c i p a t e d  i n  the long run. 

On the  o ther  hand, there  are f a r  reaching b e n e f i t s  t o  be der ived from 

the  advancement o f  breeder technology t h a t  w i l l  prove t o  be an asset  t o  

the  n a t i o n  f o r  many years i n  t he  fu tu re .  These b e n e f i t s ,  i n  con junc t ion  

w i t h  the  st imulus t o  t h e  l o c a l  economy, i n d i c a t e  t h a t  the  CRBRP w i l l  

p rov ide  many p o s i t i v e  factors t h a t  f a r  outweigh the  few s h o r t  term costs 

o u t l i n e d  above. A more d e t a i l e d  ana lys is  o f  t h i s  b e n e f i t l c o s t  r e l a t i o n -  

s h i p  i s  presented i n  Sect ion 11. 
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9.0 ALTERNATIVE APPROACHES AND SITES 

9.1 ALTERNATIVE APPROACHES 

The LMFBR Program i s  a p a r t  o f  AEC's o v e r a l l  long-range research and 

development program. A l t e r n a t i v e  energy sources t o  t he  LMFBR have 

been discussed and analyzed i n  t h e  AEC's Program Environmental Impact 

Statement. Th i s  statement and i t s  ana l ys i s  o f  a1 t e r n a t i v e  energy 
sources amply demonstrates the  need f o r  v igorous p u r s u i t  o f  t h e  LMFBR 

Program. Since t h e  CRBRP i s  a necessary s tep  i n  t h e  LMFBR Program 

a l t e r n a t i v e  energy sources f o r  t h e  CRBRP a re  n o t  aga in  considered i n  

t h i s  r e p o r t .  The general ob jec t i ves  o f  t h e  LMFBR Program, t h e  need f o r  

it, and, i n  p a r t i c u l a r ,  t he  d iscuss ion  o f  t h e  need f o r  a demonstrat ion 

p l a n t  as p a r t  o f  t h a t  program, a r e  summarized i n  Sec t ion  1 o f  t h i s  

r e p o r t .  Since the  pr imary purpose o f  t h e  CRBRP i s  broader than t h e  

produc t ion  o f  e l e c t r i c a l  power, t h e  t reatment  o f  t h e  a l t e r n a t i v e  o f  
, B 
\ I n o t  c r e a t i n g  new generat ing capac i t y  i n  accordance w i t h  Regulatory 

Guide 4.2 i s  n o t  app rop r i a te  here. 

The opera t ion  o f  t h e  CRBRP supports t h e  o v e r a l l  LMFBR Program and pro- 

v ides  t h e  necessary techno log ica l  base l ead ing  t o  development o f  l a r g e r  

commercial-sized l i q u i d  metal  f a s t  breeder reac to rs .  Moreover, t h e  

CRBRP represents t h e  development o f  a technol ogy w i t h  p red i c ted  p e r f o r -  

mance, i n d u s t r i a l  support ,  a broad base o f  techno log ica l  experience, 

and proven bas ic  f e a s i  b i  1 i ty. A1 t e r n a t i v e  energy sources t o  t h e  

breeder r e a c t o r  which are  ava i  lab1 e w i t h  today 's  technol ogy represent  

v a s t  commitments o f  dep le tab le  n a t u r a l  resources. Even h y d r o e l e c t r i c  

power requ i res  t h e  use o f  l a r g e  l and  areas r e s u l t i n g  i n  l o s t  resources 

and r a d i c a l  changes t o  l o c a l  ecology. The t ime t o  d e p l e t i o n  o f  non- 

renewable reserves f o r  power p roduc t ion  us ing  convent ional  methods, such 

as f o s s i l  f u e l s  and present  l i g h t  water reac to rs  o f  t h e  non-breeder 

type  w i t h  p lutonium recyc le ,  i s  shown i n  F igu re  9.1-1. F o s s i l  f u e l  
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f igures  have been taken from those compiled by M .  King Hubbert of the  

U. S. Geological Survey ( 3 y 4 )  and data on uranium from the U.S. Atomic 
Energy Commission. 

This i l l u s t r a t i o n  shows t ha t ,  i f  the  world continues a t  i t s  present s i x  
percent energy growth r a t e ,  a l l  conventional f ue l s  ( o i l ,  gas, coal)  wil l  
be gone by the  middle of the  next century. I f  the  world energy growth 
r a t e  drops t o  the  United S ta tes '  r a t e  of four percent, the depletion 
point will be extended t o  a point near the end of the  21st century. 
Conventional systems using depletable reserves a r e  presently the  only 
proven a l t e rna t ives  t o  the  breeder reactor  f o r  meeting the Nation's 
energy needs. One of the  principal advantages of the  LMFBR is t h a t  i t  

conserves natural resources. T h i s  advantage is shown by comparing the  
U308 requirements f o r  the period 1970 through 2020 w i t h  and without the 
breeder reactor .  Tab1 e 9.1-1 indicates t h a t  having the  breeder avai 1 - 
able  by 1987 conserves almost four million 'tons of uranium resources 

> ' /, 
t h a t  may have t o  be obtained by mining vas t  amounts of low grade ore  
(about 50 t o  100 b i l l i on  tons) .  Further, the  uranium requirement i f  
the  breeder i s  u t i l i z ed ,  reaches an annual maximum of about 105,000 tons 
of U308 i n  the  year 1998. On the  other hand, without the  breeder a 
growing industry reaches an annual maximum requirement of about 
280,000 tons i n  the  year 2020. I f  these and other advantages of the  
LMFBR a r e  t o  be real  i zed on a broad commercial sca le ,  then the  resul ts 
of the LMFBR Program must be t ransla ted i n to  large  sca le  hardware. 

The CRBRP wil l  demonstrate the  technical performance, r e l i a b i l i t y ,  
maintainabi 1 i t y ,  sa fe ty ,  environmental acceptabi 1 i t y ,  and economic 
f e a s i b i l i t y  of an LMFBR power plant  on a u t i l i t y  system and serve a s  
the  next logical  s t ep  toward the  overall  LMFBR Program objective of a 
commercial LMFBR economy. 
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9.2 ALTERNATIVE SITES AND PLANT ARRANGEMENTS 

I n  l a t e  1971, t h e  AEC appointed a  Senior  U t i l i t y  S teer ing  Committee and 

Senior  U t i l i t y  Technical  Advisory Panel t o  a s s i s t  them i n  s e l e c t i n g  a  

u t i  1  i ty  pa r tne r  t o  design, b u i l d  and operate t he  demonstrat i  on p l a n t .  

Proposals were submit ted t o  t h e  L i q u i d  Metal  Fast  Breeder Reactor (LMFBR) 

Committee and AEC, by groups o f  u t i  1 i t i e s  i n t e r e s t e d  i n  p a r t i c i p a t i n g  

i n  t h e  demonstrat ion p l a n t  program. Each o f  t h e  p r i n c i p a l  s i t e s  advanced 

i n  t he  f o u r  proposals t h a t  were rece ived appeared t o  meet t h e  general  

requirement:  The proposed s i t e  should r e q u i r e  "no unusual des ign fea tures  

o r  spec ia l  cons idera t ion  i n  l i cens ing . "  The Steer ing  Committee noted 

" t h a t  increased s i t i n g  f l e x i b i l i t y  cou ld  be associated w i t h  t h e  Common- 

wealth/TVA arrangement . . . . 11 ( 2 )  

The Tennessee Val 1  ey A u t h o r i t y  (TVA) and Commonwealth Edi son Company (CE) 

proposal was subsequently accepted by t h e  Committee and t h e  AEC. This  

j o i n t  proposal by TVA and CE f o r  b u i l d i n g  and ope ra t i ng  the  Na t i on ' s  

f i r s t  la rge-sca l  e  (300 t o  500 MWe) LMFBR demonstrat ion p l a n t  inc luded 

gu ide l i nes  f o r  s e l e c t i n g  t h e  s i t e  o f  t he  LMFBR demonstrat ion p l a n t .  

Guidel ines inc luded b u i l d i n g  t h e  p l a n t  on t h e  TVA system p r e f e r a b l y  a t  

an e x i s t i n g  e l e c t r i c  generat ing p l a n t  which would u t i l i z e  t he  steam from 

the  LMFBR Nuclear Steam Supply System (NSSS). The proposal s p e c i f i c a l l y  

named the  John Sevier  p l a n t  as a  p o t e n t i a l l y  s u i t a b l e  p l a n t  f o r  t h i s  

hook-on arrangement and i n d i c a t e d  t h a t  o t h e r  e x i s t i n g  p l a n t s  on t h e  TVA 

system might  a l so  be s u i t a b l e .  As an a l t e r n a t e  t o  t h e  hook-on arrange- 

ment, t h e  p r o v i s i o n  was made i n  t he  proposal t o  b u i l d  an e n t i r e l y  new 

p l a n t  on t h e  TVA system, where TVA would p rov ide  l i n k s  from i t s  t r ans -  

miss ion  system t o  t he  swi tchyard a t  no cos t  t o  t h e  p r o j e c t .  A s i t e  on 

the  C l i nch  R iver ,  which i s  i n  t h e  custody o f  TVA, was named as one possi -  

b l e  l o c a t i o n  which cou ld  be made a v a i l a b l e  a t  no c o s t  t o  t h e  p r o j e c t .  



I n  a r r i v i n g  a t  t he  spec i f i c  s i t e  s e l e c t i o n  f o r  t he  LMFBR demonstrat ion 

p l a n t  on the  TVA g r i d ,  TVA c a r r i e d  o u t  screening s tud ies  and d e t a i l e d  

s i t e  s tud ies .  I n  add i t i on ,  extensive engineering, environmental and 

economic s tud ies  were made by TVA, CE, AEC and th ree  r e a c t o r  manufacturers 

f o r  two hook-on a1 t e r n a t i v e  s i t e s  (John Sevier  and Widows Creek) and a  

new s i t e  on the  C l i n c h  R iver .  Other a l t e r n a t e  s i t e s  t h a t  were considered 

are discussed i n  Appendix A. 

9.2.1 SITE SELECTION CRITERIA 

Se lec t i on  o f  a  s i t e  f o r  the  LMFBR demonstrat ion p l a n t  was based on s i t i n g  

c r i t e r i a  es tab l i shed by cons ider ing  t h e  j o i n t  TVA-CE proposal,  t h e  AEC's 

request  f o r  proposals and o the r  app l i cab le  requirements. S i t e  s e l e c t i o n  

c r i t e r i a  were es tab l i shed  i n  r e c o g n i t i o n  o f  the  developmental na ture  of 

the  LMFBR concept and the  urgency f o r  g e t t i n g  the  demonstrat ion phase 

i under way. The economic b e n e f i t s  t o  t h e  Nat ion from the  LMFBR have been 
9 

shown t o  be s t r o n g l y  t ime dependent. ( 3 )  Therefore, immediate a v a i l a b i l i t y  

o f  a  s i t e  f o r  t he  demonstrat ion p l a n t  was h i g h l y  des i rab le .  I n  a d d i t i o n ,  

i t  had been determined t h a t  any p o t e n t i a l  s i t e  must n o t  r e q u i r e  unusual 

design fea tures  o r  spec ia l  l i c e n s i n g  cons idera t ions  and should pe rm i t  

t he  cons t ruc t i on  o f  a  p l a n t  t h a t  would conform i n  every respec t  w i t h  

a p p l i c a b l e  environmental standards. 

An important  cons idera t ion  i n  s e l e c t i n g  the  s i t e  was t o  assure t h a t  t he  

demonstrat ion p l a n t  would n o t  have an adverse e f f e c t  on TVA's a b i l i t y  

t o  p rov ide  an adequate supply o f  e l e c t r i c i t y  t o  the  reg ion  i t  serves. 

While t he re  was no bas is  t o  assume t h a t  t he  p l a n t  would n o t  be a  r e l i a b l e  

producer o f  e l e c t r i c  energy, i t  was no t  considered t o  be an i n t e g r a l  

p a r t  o f  TVA's power system capac i ty .  A d d i t i o n a l l y ,  because o f  t he  

s c a r c i t y  o f  s u i t a b l e  new s i t e s  f o r  commercial nuc lear  power p lan ts ,  p r e f -  

erence was g iven t o  those s i t e s  which were n o t  expected t o  be used i n  

t h e  near f u t u r e  f o r  commercial generat ing p lan ts .  



The c r i t e r i a  used i n  the  search f o r  a s u i t a b l e  s i t e  f o r  t he  demonstration 

p1,ant a re  summarized as fo l l ows :  

1. The demonstration p l a n t  s i z e  w i l l  be i n  t h e  300 t o  500 MWe 

range; 

2. The s i t e  must meet physical  and environmental requirements; 

3. A hook-on p l a n t  i s  p re fe rab le  t o  a new p l a n t  provided 

adequate i ncen t i ves  e x i s t ;  

4. Concerning t h e  hook-on c r i t e r i a :  

a. The p r o j e c t  should n o t  adversely a f f e c t  TVA's power 

system opera t ion  o r  system re1 i a b i l  i t y  and should 

permi t  t he  use of e x i s t i n g  b o i l e r s  dur ing  per iods when 

t h e  LMFBR NSSS i s  n o t  a v a i l a b l e  f o r  operat ion; and 

b. Steam cond i t ions  and u n i t  s izes  o f  e x i s t i n g  steam p l a n t  

should c l o s e l y  match requirements o f  t he  LMFBR demon- 

s t r a t i o n  p lan t ;  

5. Concerning new s i t e  c r i t e r i a :  

a. The s i t e  should be a v a i l a b l e  immediately; and 

b. The s i t e  should be one which i s  n o t  expected t o  be 

used f o r  a commercial generat ing p l a n t  i n  t he  near 

f u tu re .  

Add i t iona l  j u s t i f i c a t i o n  o f  t he  p l a n t  s i z e  i s  contained i n  Sect ion 1. 

9.2.2 SELECTION OF CANDIDATE SITE(S) - HOOK-ON ARRANGEMENTS 

I n  t h e  s i t e  s e l e c t i o n  process f o r  hook-on arrangements, a l l  TVA p lan ts  

which were expected t o  be opera t iona l  on a t ime schedule cons is ten t  w i t h  

the  planned operat ions o f  the  LMFBR demonstration p l a n t  were considered, 

as shown i n  F igure 9.2-1. Factors such as p l a n t  s ize,  steam cond i t ion ,  

seismic reg ion  and popu la t ion  centers r u l e d  o u t  a number o f  s i t e s  



wi thou t  any need f o r  f u r t h e r  considerat ion.  Table 9.2-1 l i s t s  the  

p l a n t s  and summarizes the  important  fac to rs  used i n  judging t h e  s u i t -  

a b i l i t y  o f  these s i t e s .  Based on the  s i z e  requirement, t he  p lan ts  which 

had turbogenerator u n i t s  judged t o  be acceptable were: Col b e r t  1-4, 

G a l l a t i n  1-4, John Sevier, Johnsonvi l le ,  Kingston, Shawnee, A l l e n  and 

Widows Creek 1-6. 

The Widows Creek 1-4 u n i t s  a re  nonreheat; u n i t s  5 and 6 use reheat.  

The combined capac i ty  o f  reheat  u n i t s  5 and 6 i s  l ess  than the  300 MWe 

minimum demonstration p l a n t  size. . Since i t  would in t roduce unnecessary 

complicat ions i n  t h e  p l a n t  design t o  mix reheat and nonreheat u n i t  

types, on l y  u n i t s  1-4 were considered a t  Widows Creek. 

The extreme western end o f  t h e  TVA system i s  i n  c lose p rox im i t y  t o  an 

area i n  which major seismic a c t i v i t y  has occurred as recen t l y  as the  

e a r l y  1800's. TVA had submitted a repor t ,  "Relat ionship o f  Earthquakes 
B 

i and Geology i n  West Tennessee and Adjacent ~ r e a  , I ' ( ~ )  t o  AEC's D i r e c t o r  

o f  Regulat ion f o r  considerat ion i n  determining t h e  ex tent  t o  which nuclear  

p lan ts  can be located i n  t h e  western end o f  t he  TVA system. Since a 

determinat ion by AEC had n o t  y e t  been made, t h e  Al len,  Shawnee and 

Johnsonv i l le  Steam P l a n t  l oca t ions  were e l im inated from f u r t h e r  consider- 

a t ion .  On November 13, 1973, t h e  ACRS reported favorab ly  on t h i s  mat ter .  

However, as noted herein, i t  was concluded t h a t  advantages o f  an e n t i r e l y  

new p l a n t  would o f f - s e t  t he  p o t e n t i a l  cos t  savings o f  a hook-on p lan t .  

The remaining candidate s i t e s  are located i n  t e c t o n i c  provinces where 

s u f f i c i e n t  s tud ies  have been made t o  assure t h a t  nuclear  p lan ts  can be 

adequately designed wi thout  sus ta in ing  major cos t  penal t i e s .  

The remaining candidate hook-on p lan ts  were examined from t h e  standpoint  

o f  t he  importance o f  these u n i t s  t o  the  TVA power system. While each 

u n i t ' s  generat ing capac i ty  cont r ibu tes  d i r e c t l y  t o  TVA's a b i l i t y  t o  serve 

present and f u t u r e  loads, t h e  capac i ty  f a c t o r  i s  a measure o f  the  import -  
\ 
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ance o f  t h e  u n i t  from the  standpoint  o f  power system economics and o ther  

9.2-4 



requirements. The capac i ty  f a c t o r s  o f  these u n i t s  f o r  f i s c a l  years 

1970-71 ( J u l y  1 , 1969 t o  June 30, 1971 ) were as fo l lows:  

FY 1970 and 1971 
U n i t s  Capacity Fac tor  

G a l l a t i n  1-4 63.6 

Co lber t  1-4 

Kingston 1-9 

John Sevier  1-4 

Widows Creek 1-4 

As ind ica ted ,  t h e  G a l l a t i n ,  Co lbe r t  and Kingston u n i t s  a re  u t i l i z e d  a t  

a r e l a t i v e l y  h igher  capac i ty  f a c t o r  on the  TVA system. S i m i l a r  u t i l i -  

z a t i o n  pa t te rns  were expected i n  the  f u t u r e .  TVA be l i eved  i t  t o  be 

prudent t o  exclude these p l a n t s  from f u r t h e r  cons idera t ion  as hook-on 

candidates prov ided t h e  Widows Creek o r  John Sevier  u n i t s  a re  otherwise 

s u i t a b l e  f o r  t he  demonstrat ion p l a n t .  

A t  John Sevier,  u n i t s  3 and 4 were se lec ted  as bes t  f i t t i n g  the  needs o f  

t h e  demonstrat ion p l a n t  s ince  adequate space i s  a v a i l a b l e  immediately 

adjacent  t o  these u n i t s  t o  accommodate t h e  LMFBR Nuclear Steam Supply 

System (NSSS) . These u n i t s  have normal steam cond i t i ons  o f  1,800 p s i g  

a t  1,050 degrees F w i t h  1,050 degrees F reheated steam. For t h e  demon- 

s t r a t i  on p lan t ,  t h e  i n i t i a l  steam temperature and reheat  steam tempera- 

t u r e  would here to  be reduced t o  about 900 degrees F. Th is  would r e s u l t  

i n  a capac i t y  l o s s  o f  about 36 MW and t h e  n e t  e l e c t r i c a l  ou tpu t  o f  t h e  

demonstrat ion p l a n t  would be about 346 MW. Considerat ion o f  John Sevier  

as a s i t e  f o r  a hook-on p l a n t  requ i res  t h a t  reheat  steam t o  t h e  t u r b i n e  

be provided. 

U n i t s  1 t o  3 were se lec ted  as the  bes t  Widows Creek u n i t s  f o r  a 

hook-on p l a n t .  Normal steam c o n d i t i o n  f o r  these u n i t s  i s  1,450 p s i g  
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a t  1,000 degrees F. Reducing steam temperature t o  900 degrees F t o  

accommodate the demonstration p l a n t  would r e s u l t  i n  a l oss  i n  n e t  

e l e c t r i c a l  ou tpu t  o f  about 27 MW, r e s u l t i n g  i n  a demonstration p l a n t  

n e t  e l e c t r i c a l  output  o f  about 342 MW. 

9.2.3 TECHNICAL EVALUATIONS OF ALTERNATIVE HOOK-ON ARRANGEMENTS 

Studies t o  evaluate the  f e a s i b i l i t y ,  economics and hook-on p l a n t  requ i re -  

ments were c a r r i e d  ou t  under the  d i r e c t i o n  o f  a techn ica l  committee which 

inc luded t h e  TVA, Commonwealth Edison, Atomic Energy Commission and the  

AEC's P r o j e c t  D e f i n i t i o n  Phase contractors,  General E l e c t r i c ,  Westinghouse 

and Atomics I n t e r n a t i o n a l  along w i t h  t h e i r  respect ive  Arch i  tect -Engineer ing 

subcontractors, C. F. Braun, R. M. Parsons and Bechtel .  This  comnittee 

reviewed demonstration p l a n t  hook-on considerat ions a t  TVA' s John Sevier  

and Widows Creek steam p lan ts .  The study concluded " the re  i s  no known 

phys ica l  o r  engineering reason why l o c a t i n g  an LMFBR a t  e i t h e r  John 

Sevier  o r  Widows Creek t o  use e x i s t i n g  power-producing equipment i s  no t  

f eas ib le .  I I ( ~ )  

9.2.3.1 REHEAT SELECTION ALTERNATIVE FOR JOHN SEVIER 

Because John Sev ier  was one o f  t he  prime candidates f o r  t he  s i t e  and 

because i t  requ i res  reheat  steam t o  the  tu rb ine ,  an extensive study was 

c a r r i e d  o u t  on the  means of supply ing the  reheat  steam. (5) These 

were use o f  t he  e x i s t i n g  c o a l - f i r e d  b o i l e r s  f o r  reheat,  m o d i f i c a t i o n  of 

t he  tu rb ines  t o  nonreheat, steam reheat,  separate o i l - f i r e d  reheaters 

and sodium reheat.  The f i r s t  two methods were considered t o  be imprac t i -  

c a l .  Steam reheat might  be poss ib le  b u t  would pose some d i f f i c u l t  design 

problems. From an engineer ing standpoint,  t he  most promising a l t e r n a t i v e s  

appeared t o  be separate o i l - f i r e d  reheaters o r  sodium reheat.  

While sodium reheat  i s  t e c h n i c a l l y  f e a s i b l e  and does improve the  p l a n t  

heat r a t e ,  there  are many techn ica l  problems and a d d i t i o n a l  development 
1 
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costs associated w i t h  t he  use o f  sodium reheat  on t h e  f i r s t  demonstrat ion 

p l a n t .  By i nc reas ing  t h e  number o f  sodium and steam components and 

c o n t r o l  requirements, t he  p o t e n t i a l  f o r  opera t ing  l i m i t a t i o n s  and 

reduced p l a n t  a v a i l a b i l i t y  would be in t roduced.  Furthermore, t h e  develop- 

ment and t e s t i n g  o f  sodium reheat  technology on a h igh  techn i ca l  assur- 

ance and r e l i a b i l i t y  bas is  would n o t  be p r a c t i c a l  on a schedule compatible 

w i t h  t he  demonstrat ion p l a n t  design. 

A sodium reheat  task  f o r c e  was formed t o  conduct a study on the  use of 

sodium reheat .  The task  f o r c e  consis ted o f  representa t i ves  from the  AEC, 

JVA, Commonwealth Edison, PMC, GE, Westinghouse, A I ,  ANL and t h e  L i q u i d  

Metal  Engineering Center. The task  f o r c e  prepared a p r e l  im inary  d r a f t  

r e p o r t  i n  March o f  1 9 7 2 ' ~ )  and s tud ied  t h e  s t a t u s  o f  sodium reheat  

development i n  Europe i n  June 1972. T h e i r  r e p o r t ,  "Status o f  LMFBR 

Reheat i n  Western ~urope--1972 ," ( 7 )  a1 ong w i t h  Un i ted  Sta tes '  s tud ies  

i n d i c a t e d  t h a t  no c l e a r  t echn i ca l  and economic advantages f o r  sodium 

reheat  cou ld  be shown a t  t h i s  stage o f  LMFBR development. Therefore, 

i t  was n o t  thought i n  t he  bes t  i n t e r e s t  o f  t h e  p r o j e c t  t o  i nc lude  sodium 

reheat  i n  t he  f i r s t  demonstrat ion p l a n t  and o n l y  separate o i l - f i r e d  

reheaters were considered f o r  t h e  hook-on a t  John Sevier .  However, t he  

f u t u r e  use o f  sodium reheat  on la rge-sca le  commercial LMFBR's has no t  

been pr,ecluded and present  p lann ing  on long-range use of sodium reheat  

i s  con t inu ing .  

9.2.3.2 COMBINED CYCLE POWER PLANT 

The possi  b i  1 i ty o f  b u i l d i n g  an o i l  - f i r e d ,  combined c y c l e  power p l a n t  

which cou ld  accomodate an LMFBR NSSS hook-on was a l s o  considered as one 

o f  t he  a l t e r n a t i v e s  f o r  t h e  demonstration p l a n t .  TVA's O f f i c e  o f  Engi- 

neer ing Design and Const ruc t ion  performed a p r e l i m i n a r y  engineer ing 

and f e a s i b i l i t y  s tudy of such an arrangement f o r  t he  C l i nch  R iver  s i t e .  (8) 

A wide range o f  combinations o f  convent ional components i s  poss ib le  i n  

such an arrangement. The arrangement se lec ted  f o r  study cons is ted  o f  

12 gas tu rb ines  w i t h  a combined base-load r a t i n g  o f  615 MW, which exhausted 
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i n t o  heat-recovery b o i l e r s ,  us ing supplemental o i  1 f i r i n g ,  t o  provide 

steam t o  th ree steam t u r b i n e  generators w i t h  a combined base r a t i n g  o f  

435 MW. The 1,050-MW combined cyc le  p l a n t  would have a n e t  p l a n t  heat 

r a t e  o f  about 8,300 Btu/kWh a t  steam cond i t ions  o f  1,250 p s i g  and 

950 degrees F. With a steam temperature o f  900 degrees Fy the  steam 

tu rb ine  p l a n t  could accommodate an LMFBR NSSS and have a ne t  e l e c t r i c a l  

output  i n  the  range o f  about 400 t o  450 MW. The incremental cost  o f  

modi fy ing the  p l a n t  t o  accommodate the  NSSS was est imated t o  be about 

16 m i l l i o n  d o l l a r s .  Th is  study and independent s tud ies  by General 

E l e c t r i c  and Westinghouse ind i ca ted  t h a t  t h i s  type o f  arrangement i s  

f e a s i b l e  and would n o t  represent  a s i g n i f i c a n t  compromise i n  the  design 

o f  t he  NSSS f o r  t h e  demonstration p l a n t .  

TVA performed system expansion s tud ies  o f  a l t e r n a t i v e  capaci ty  add i t ions  

t o  the  TVA system w i t h i n  t h e  t ime frame t o  accommodate the  demonstration 

p l a n t  schedule t o  see i f  t h e  combined cyc le  p l a n t  could be economically 

j u s t i f i e d  as a p a r t  o f  TVA's power program. The ana lys is  i nd i ca ted  t h a t  

such a p l a n t  could not  be economically j u s t i f i e d  on TVA's system by a 

margin o f  about 75 m i l l i o n  d o l l a r s .  (9 

9.2.4 SELECTION OF CANDIDATE SITE(S) - NEW 

Without regard t o  t h e  possession and commercial p l a n t  use c r i t e r i a ,  TVA 

conducted a survey o f  p o t e n t i a l  new s i t e s  f o r  the  LMFBR demonstration 

p l a n t  and i d e n t i f i e d  eleven p o t e n t i a l  s i t e s .  These s i t e s  were under 

various stages o f  i n v e s t i g a t i o n  by TVA. Eleven s i t e s ,  considered i n  a 

survey, and some o f  t h e  major c h a r a c t e r i s t i c s  o f  each s i t e  are  l i s t e d  

i n  Table 9.2-2. It was concluded from t h i s  study t h a t  a comparison o f  

s i  t e  features and envi ronmental f ac to rs  showed no apparent o v e r a l l  advan- 

tage o f  these s i t e s  over t h e  C l inch R iver  s i t e .  Since there  were no 

known physical  , engineering o r  environmental reasons t h a t  would preclude 

cons idera t ion  o f  a new p l a n t  a t  the  C l inch R iver  s i t e  and, because o n l y  

i t  s a t i s f i e d  the  new s i t e  se lec t i on  c r i t e r i a ,  i t  was decided t h a t  the  
\ 
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C l i nch  R iver  s i t e  would be considered as a p o t e n t i a l  s i t e  f o r  an e n t i r e l y  

new p l a n t  as ,an  a l t e r n a t e  t o  t h e  two hook-on s i t e s  p rev ious l y  discussed. 

9.2.5 CANDIDATE SITES STUDIES 

Each o f  t h e  th ree  p r i n c i p a l  candidate s i t e s ,  John Sevier ,  Widows Creek 

and C l i n c h  R iver ,  a re  discussed i n  t h e  f o l l o w i n g  subsect ions i n  terms o f  

s i t e  l oca t i on ,  access, populat ion,  geology, seismology, hydro1 ogy, f l o o d  

fea tures ,  meteorology, land  and land use, ecology, pub1 i c  water supp l ies  

and h i s t o r i c  s i t e s .  (') Major p o i n t s  o f  comparison o f  t h e  above s i t e -  

s e n s i t i v e  f a c t o r s  among t h e  th ree  s i t e s  a re  summarized i n  Table 9.2-3. 

Based upon a p r e l i m i n a r y  ana lys is ,  each s i t e  represents a f e a s i b l e  

l o c a t i o n  t o  b u i l d  t h e  p l a n t .  

9.2.5.1 JOHN SEVIER 

9.2.5.1.1 SITE LOCATION 

The John Sev ie r  s i t e , ( l O )  which occupies 717 acres, i s  loca ted  i n  Hawkins 

County, Tennessee, on the  south bank o f  Cherokee Reservoi r  approximately 

t h r e e  m i l es  southeast of Rogersv i l le ,  Tennessee, as shown i n  F igure  9.2-2. 

9.2.5.1.2 ACCESS 

The John Sevier  s i t e  a l ready  has bo th  road and r a i l r o a d  access and on ly  

s h o r t  add i t i ons  o r  spurs would be needed t o  extend these t o  t h e  NSSS. 

Barge t r a n s p o r t a t i o n  i s  no t  a v a i l a b l e  and t h e  s i t e  i s  approximately 

60 m i l e s  from t h e  T r i - C i t i e s  A i r p o r t .  

9.2.5.1.3 POPULATION 

The area w i t h i n  a 50-mile r a d i u s  o f  t h e  John Sevier  s i t e  inc ludes  por- ' 

t i o n s  o f  nor theas t  Tennessee, northwest Nor th  Caro l ina,  southwest V i r g i n i a  
\ 



and southeast Kentucky. The population w i t h i n  t h i s  area was estimated 

t o  be 694,295 i n  1970. This represents an increase of 1.9 percent over 

the  1960 population as  compared w i t h  a gain of 13 percent f o r  the  Nation. 

The average population density w i t h i n  50 miles of the  s i t e  i s  88.5 people 

per square mile. The dis tance from the  plant  t o  the  nearest  continuously 

occupied domestic s t r uc tu r e  i s  3,400 f e e t .  Resident population i s  

sparsely s e t t l e d  throughout the  area w i t h i n  10 miles of the  s i t e  except 

a t  the  town of ~ o g e r s v i l  l e ,  located three miles northwest of the  plant .  

The population of Rogersville i n  1970 was 4,076 and i s  projected t o  be 

7,000 by the  year 1980 and 1,3000 by the  year 2010. The population w i t h i n  

10 miles of the  s i t e  was estimated from 1970 census s t a t i s t i c s  t o  be 

18,955 and is projected t o  be 21,760 by the  year  1980 and 27,560 by the  

year 2010. There a r e  only 725 people w i t h i n  two miles of the s i t e .  

The nearest population center as defined i n  10 CFR Par t  100 i s  Kingsport, 

Tennessee, approximately 25 miles away w i t h  a population of 61,487 

\, 1 according t o  t he  1970 census. 

9.2.5.1.4 GEOLOGY 

The i n i t i a l  geologic investigations a t  John Sevier were conducted i n  

1 9 5 2 . ' ~ ~ )  In March 1972, four addit ional  holes were d r i l l e d  i n  the  

proposed area where the  demonstration plant  would be located. A re la-  

t i ve ly  even bedrock surface i s  overlain by approximately 40 f e e t  of f i l l  

and te r race  material a t  t he  s i t e .  Experience during pr ior  construction 

indicates  t h a t  approximately three  f e e t  of s l  igh t ly  weathered rock 

would have t o  be removed from the  rock surface t o  obtain sound, unweathered 

material su i tab le  f o r  foundation of the  s t ructures .  Additional s tudies  

and investigations a r e  required before a deta i led geologic evaluation 

could be made. However, i t  was anticipated t ha t  adequate foundations 

could be designed. 



SEISMOLOGY 

Because o f  t he  very s i m i l a r  seismological c h a r a c t e r i s t i c s  o f  t h e  th ree 

candidate s i t e s ,  a l l  th ree w i l l  be t rea ted  here t o  avoid r e p e t i t i o n .  

The seismic h i s t o r y  o f  t he  southeastern Un i ted  States suggests t h a t  the  

earthquake hazard i s  n e g l i g i b l e  a t  t h e  John Sevier,  Widows Creek and 

Cl inch R iver  s i t e s .  There are no a c t i v e  f a u l t s  i n  the  v i c i n i t y  of the  

s i t e s  and there  i s  no physical  evidence o f  any recent  seismic a c t i v i t y  

a t  any o f  the  s i t e s .  The maximum seismic i n t e n s i t y  t o  have been f e l t  

a t  any o f  t h e  s i t e s  i n  t h e  recorded h i s t o r y  o f  t h e  area i s  o f  moderate 

i n t e n s i t y .  The nearest known epicenters o f  damaging earthquakes a t  

each o f  t he  s i t e s  were 45 mi les  southwest o f  t he  John Sevier  s i t e ,  

60 m i les  south o f  the  Widows Creek s i t e  and 45 m i les  nor theast  of the  

C l inch R iver  s i t e .  

There i s  no known c o r r e l a t i o n  between earthquakes observed i n  the  reg ion  

and any s u p e r f i c i a l  t e c t o n i c  s t ruc tures .  The s i t e s  l i e  i n  the  southern 

Appalachian t e c t o n i c  province as def ined i n  TVA's "Sequoyah Nuclear 

P lan t  F i n a l  Safety Analys is  Report. " 

There are  two known major f a u l t s  i n  c lose p rox im i t y  t o  the  C l inch R iver  

s i t e .  There i s  no evidence t h a t  these o r  any o ther  known f a u l t s  i n  the  

reg ion are  s t i l l  p o t e n t i a l l y  ac t i ve .  I n  t h e  v i c i n i t y  o f  a l l  these s i t e s ,  

there  i s  no physiographic evidence, such as stream of fse ts ,  displacement 

o f  P l  io-Ple is tocene te r race  deposits o r  displacement o f  a1 1 u v i a l  deposits,  

t o  i n d i c a t e  cu r ren t  o r  geo log ica l l y  recent  movement along any o f  these 

f a u l t s .  Therefore, f a u l t s  i n  t h e  reg ion  a re  considered t o  be i n a c t i v e  

and de ta i  l e d  f a u l t i n g  i n v e s t i g a t i o n  i s  n o t  required.  

9.2.5.1.6 HYDROLOGY 

The Cherokee Reservoir i s  a l a rge  storage impoundment on the  Holston 

R iver  cover ing an area o f  30,300 acres extending from the  Cherokee Dam 



t o  the John Sevier plant. A concrete spillway dam a t  the plant s i t e  
creates a water supply impoundment for  the plant. This impoundment has 
a nearly constant surface elevation of 1,080 fee t  and a volume of 
5,500 acre-feet. Condenser cooling water flowrate of 1,012 cubic fee t  
per second (c f s )  i s  withdrawn from the storage impoundment, increased 
i n  temperature 15 degrees F and discharged to  the Cherokee Reservoir. 

When operating a t  fu l l  load, the four existing John Sevier generating 
units re ject  a total  of 3.5 bil l ion B t u  per hour to  Cherokee Reservoir. 
As a hook-on plant, the total  level of heat rejection a t  the John Sevier 
s i t e  would be essentially unchanged from the present loads. 

Since 1955, TVA has been observing the distribution of heated waters 
discharged from TVA's power plants,  including John Sevier. Studies have 
not identified any environmental damage resulting from the heat rejection 
a t  John Sevier. 

?, 
'\ / The nearest stream gage t o  the John Sevier s i t e  i s  located a t  Surgoins- 

v i l l e ,  Tennessee. T h i s  gage has been in operation since 1941. Based 
on information gathered a t  t h i s  s ta t ion and gaging s tat ions a t  Big and 
Beech Creeks, the average discharge a t  the John Sevier s i t e  i s  3,680 cfs .  
The minimum flow has occurred a t  those time periods when there has been 
no flow over the plant water supply dam. 

9.2.5.1.7 FLOOD FEATURES 

The Holston River watershed, a t  the John Sevier s i t e ,  has an area of 
3,007 square miles and includes four major dams: Watauga, South Holston, 

Boone and F t .  Patrick Henry. The estimated maximum possible flood level 
elevation, based on a flood discharge of 520,000 cfs  and including wave 
runup, i s  1,125 fee t  which i s  16 f ee t  above the existing s i t e  grade 
elevation of 1,109 fee t .  



A feas ib le  method of f l o o d  p r o t e c t i o n  a t  John Sevier  i s  t he  use o f  an 

elevated f i l l  t o  avoid t h e  p o t e n t i a l  o f  water reaching Class I struc tures .  

The slopes o f  t h i s  f i l l e d  area would be s u i t a b l y  pro tec ted against  

rushing waters and f l o a t i n g  debr is .  Th is  method o f  p r o t e c t i o n  would 

prov ide  p l a n t  access above the  computed f l o o d  e leva t ion .  

9.2.5.1.8 METEOROLOGY 

The John Sevier s i t e  i s  located i n  a we l l -de f ined v a l l e y  i n  the  f o o t h i l l  

reg ion o f  t he  Appalachian Mountains. The low- level  wind a t  John Sevier 

tends t o  be s l i g h t l y  h igher  than a t  e i t h e r  Widows Creek o r  C l inch River .  

Th is  would r e s u l t  i n  an augmenting area-wide upva l ley  and downvalley 

wind regime which would l i k e l y  strengthen t h e  l o c a l  wind i n  the  p l a n t  

s i t e  area. The p re l im ina ry  meteorological eva luat ion  o f  t h e  John Sevier  

s i t e  was made using 1954 data from a TVA s t a t i o n  one m i l e  southwest of 

t he  power p l a n t .  The s t a t i o n  inc luded a wind sensor 320 f e e t  aboveground 

and no temperature grad ient  measurement. Based on a p re l im ina ry  assess- 

ment o f  atmospheric d ispers ion  cha rac te r i s t i cs ,  the  most r e s t r i c t i v e  

cond i t i on  most l i k e l y  corresponds t o  Pasqu i l l  Type G cond i t ion .  

9.2.5.1.9 LAND AND LAND USE 

Most development surrounding t h e  John Sevier s i t e  i s  very sparse, w i t h  

farming and f o r e s t r y  being t h e  major land uses. Rogersv i l l e  i s  t he  on ly  

exception t o  t h i s  dispersed development. There i s  some evidence t h a t  

a new r e s i d e n t i a l  development i s  imminent about 1.5 m i les  north-northeast,  

upstream and across t h e  r i v e r .  The John Sevier hook-on s i t e  i s  a l ready 

committed t o  power p l a n t  use; thus, no change i n  land use o f  t he  p l a n t  

s i t e  would be experienced by const ruc t ion  o f  t h e  demonstration p lan t .  

The s i t e  can accommodate an exclus ion area rad ius  o f  over 2,000 f e e t .  

Based upon work by the  reac to r  manufacturers dur ing  t h e  P ro jec t  D e f i n i t i o n  



/ 

Phase (PDP) o f  t h e  demonstration p l a n t  program, t h i s  exclus ion area 

rad ius  appears t o  be adequate. 

No add i t i ona l  o f f - s i  t e  transmission 1  i nes would be requ i red  w i t h  on ly  

some t i e - i n  equipment necessary. 

9.2.5.1.10 ECOLOGY 

The res iden t  aquat ic  organisms are  found i n  two thermal environments a t  

t he  John Sevier  s i t e .  F i r s t ,  i n  t h e  thermal e f f l u e n t  which moves along 

the  l e f t  shore1 i n e  and then o u t  t o  midstream. Second, t h e  water f l ow ing  

over t h e  dam, which creates a  water supply impoundment f o r  t h e  p lan t ,  

a f f e c t s  the immediate area above the  thermal e f f l u e n t  and along the  

r i g h t  shore, as we l l  as under t h e  heated water add i t i on .  Rooted aquat ic  

macrophytes dominate the  r i v e r  above John Sevier.  The Cherokee Reservoir 

downstream from the  p l a n t  has an oxygen dep le t ion  problem which a f f e c t s  

t h e  eco log ica l  c h a r a c t e r i s t i c s  downstream. 

9.2.5.1.11 PUBLIC WATER SUPPLIES 

There are  fou r  p u b l i c  water suppl ies taken from other  sur face water 

sources w i t h i n  20 m i les  o f  t h e  John Sevier s i t e .  Also, there are  

24 p u b l i c  ground water suppl ies w i t h i n  t h i s  same area. There i s  on l y  

one p u b l i c  water supply, Morristown, Tennessee, taken from t h e  Holston 

R iver  between Cherokee Dam and the  confluence o f  t h e  n o r t h  and south 

f o r k s  o f  t he  Holston River .  The in take  f o r  t h i s  supply i s  located 

31.4 mi les  downstream from the  s i t e  and, i n  con junc t ion  w i t h  ground 

water suppl ies, serves an est imated popu la t ion  o f  37,540 w i t h  a  d a i l y  
/ 

capac i ty  o f  3,460,000 gal  lons. 



9.2.5.1.12 HISTORIC SITES 

The Andrew Johnson Nat ional  H i s t o r i c a l  S i t e  i s  loca ted  approximately 

25 m i les  from the  John Sevier  s i t e .  No o the r  h i s t o r i c a l  s i t e s  l i s t e d  

i n  t he  "National Reg is te r  o f  H i s t o r i c  Places" o r  t h e  "Sta te  Reg is te r  of 

H i s t o r i c  Places" have been i d e n t i f i e d .  

9.2.5.2 WIDOWS CREEK 

9.2.5.2.1 SITE LOCATION 

The Widows Creek s i t e ( 1 2 )  i s  loca ted  on 809 acres i n  Jackson County, 

Alabama, on the  west bank o f  t he  G u n t e r s v i l l e  Reservoi r  between Tennessee 

R ive r  Mi les  407 and 408, f i v e  m i les  southwest o f  Bridgeport., Alabama, 

as shown i n  F igure  9.2-3. 

9.2.5.2.2 ACCESS 

The Widows Creek s i t e  a l ready has both road and r a i l r o a d  access and o n l y  

s h o r t  add i t i ons  o r  spurs would be needed t o  extend these t o  t h e  NSSS. 

However, t i e - i n  may r e q u i r e  some r e r o u t i n g  o f  e x i s t i n g  l i n e s .  Barge 

t ranspor ta t i on  i s  a v a i l a b l e  v i a  a n i  ne-foot-deep navigable channel which 

connects w i t h  t h e  In land  Waterway System. The a i r p o r t  a t  Chattanooga 

i s  approximately 50 m i les  away by highway. 

9.2.5.2.3 POPULATION 

Wi th in  a 50-mile rad ius  of t he  Widows Creek Steam P lan t  a re  p o r t i o n s  o f  

nor theas t  Alabama, northwest Georgia and southern Tennessee. The popu- 

l a t i o n  w i t h i n  t h i s  area was est imated t o  be 783,760 i n  1970. The area 

has genera l l y  experienced a l oss  o f  popu la t ion  over t h e  1960-70 pe r iod  

w i t h  no i n d i c a t i o n  t h a t  t h i s  t r e n d  w i l l  change d ramat i ca l l y  i n  the  fu tu re .  

The popu la t ion  dens i ty  w i t h i n  t h i s  50-mile rad ius  i s  about 100 people 



per  square mi le .  Resident popu la t ion  i s  sparsely scat te red throughout 

t h e  area w i t h i n  10 m i les  of t h e  p l a n t  w i t h  on ly  360 people w i t h i n  

two m i les  o f  t he  s i t e .  The nearest community i s  Stevenson, located 

4-112 m i les  west o f  t he  p lan t ,  w i t h  a  1970 popu la t ion  o f  2,390. The 

popu la t ion  w i t h i n  10 m i les  o f  t h e  s i t e  based upon 1970 census s t a t i s t i c s  

i s  15,105 and i s  p ro jec ted t o  be 16,245 by t h e  year 1980 and 24,985 by 

t h e  year 2010. 

The nearest popu la t ion  center  as def ined i n  10 CFR Par t  100 would be 

Chattanooga, Tennessee, approximately 23 m i les  away w i t h  a  populat ion 

o f  223,580. 

9.2.5.2.4 GEOLOGY 

The i n i t i a l  geologic i nves t i ga t i ons  a t  Widows Creek were conducted i n  

1949 3y14'1 5, i n  a n t i c i p a t i o n  o f  cons t ruc t i ng  a  f o s s i l - f i r e d  p lan t .  

Add i t i ona l  i nves t i ga t i ons  were conducted dur ing  t h e  cons t ruc t i on  o f  t he  

p lan t .  I n  March 1972, s i x  add i t i ona l  holes were d r i l l e d  i n  proposed 

areas ( th ree areas were considered) where the  demonstration p l a n t  might 

be located. The presence o f  an ancient  shear zone was encountered which 

would requ i re  a d d i t i o n a l  i n v e s t i g a t i o n  t o  establ  i s h  t h e  exact ex tent  of 

t h i s  r e l a t i v e l y  minor s t ruc ture .  The most important  r e l a t i o n s h i p  between 

t h e  shear zone and the  character o f  t he  foundat ion i s  the  increase i n  

weathering e f f e c t s  i n  the  rocks surrounding t h e  shear. Depending on the  

ex tent  o f  the  weathering, some foundat ion treatment may be required.  Also, 

t h e  presence o f  a  meta-bentonite seam was encountered i n  one o f  the  s i x  

exp lora tory  holes. The s i g n i f i c a n c e  o f  t h e  presence o f  t he  meta-bentonite 

seam i s  t h a t  t h i s  mater ia l ,  on immersion i n  water w i l l  s lake and d i s i n t e -  

g ra te  and i s  a  p o t e n t i a l  zone o f  weakness t h a t  could permi t  set t lement  

i f  no t  under a  s u f f i c i e n t  rock cover. I f  the re  i s  a  s i g n i f i c a n t  presence 

o f  meta-bentonite, then i t  would be necessary t o  excavate t o  a  depth 

where t h e  ove r l y ing  rock  i s  s u f f i c i e n t l y  t h i c k  t o  c a r r y  the  superimposed 



loads w i thou t  r e l y i n g  on t h e  s t reng th  o f  t he  meta-bentoni t e .  However, 

i t  was a n t i c i p a t e d  t h a t  adequate foundations can be designed f o r  t he  

Widows Creek s i t e .  

9.2.5.2.5 SEISMOLOGY 

Seismology f o r  t he  Widows Creek s i t e  has been discussed i n  Sec- 

t i o n  9.2.5.1.5. 

9.2.5.2.6 HYDROLOGY 

The Guntersv i l  l e  Dam forms TVA's second l a r g e s t  r e s e r v o i r  by area a t  

a  normal pool e l e v a t i o n  of 595 f e e t .  A t  t h i s  e leva t i on  the  r e s e r v o i r  

i s  75.7 m i les  long, cover ing an area o f  67,900 acres, w i t h  a  volume o f  

1,018,000 acre- fee t .  A t  t h e  s i t e  t h e  r e s e r v o i r  i s  about 1,500 f e e t  

wide, w i t h  cross-sect ional  depths ranging up t o  20 f e e t  a t  normal pool 

e leva t ion .  When opera t ing  a t  normal f u l l  load, the  e x i s t i n g  Widows 

Creek p l a n t  r e j e c t s  a  t o t a l  o f  8.2 b i l l i o n  Btu per  hour t o  G u n t e r s v i l l e  

Reservoir .  A  condenser coo l i ng  water f l o w r a t e  o f  2,434 c f s  i s  w i th -  

drawn, heated 15 degrees F and re turned t o  the  r e s e r v o i r .  As a  hook-on 

p lan t ,  t he  t o t a l  l e v e l  o f  heat r e j e c t i o n  a t  t h e  Widows Creek s i t e  would 

be e s s e n t i a l l y  unchanged from the  present  l e v e l .  

Since 1955, TVA has been observing t h e  d i s t r i b u t i o n  o f  heated waters 

discharged from TVA's power p lan ts ,  i n c l  uding Widows Creek. Studies 

have no t  i d e n t i f i e d  any environmental damage r e s u l t i n g  from the  heat 

r e j e c t i o n  o f  t h e  Widows Creek Steam Plant .  

The nearest  stream gage t o  t h e  p l a n t  i s  a t  South P i t t sbu rg ,  Tennessee, 

a t  Tennessee R iver  M i l e  418.1. This  gage was moved t o  i t s  present  

l o c a t i o n  i n  1965 from a  p o i n t  11.7 m i les  upstream, where i t  was estab- 

1  ished i n  1930. The average discharge f o r  t h e  40 years o f  record  (1931 

t o  1970) i s  35,330 c f s .  The maximum discharge was 241,000 c f s .  The 
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average water f l ow  a t  G u n t e r s v i l l e  Dam f o r  t h e  pe r iod  1951 t o  1965 i s  

38,875 c f s .  Based on these f lows and those a t  South P i t tsburg ,  .the 

long-term average f l ow  a t  the  s i t e  was est imated t o  be 38,200 c f s .  

9.2.5.2.7 FLOOD ELEVATION 

The Tennessee River  a t  Widows Creek Steam P lan t  d ra ins  22,820 square 

mi les.  The drainage area a t  Nickajack Dam i s  21,870 square mi les.  There 

are  22 major dams i n  t h e  TVA system upstream from Widows Creek Steam 

Plant ,  10 o f  which have subs tan t ia l  reserved detent ion  capac i ty  dur ing  

t h e  f l o o d  season and lesse r  amounts a t  o the r  t imes o f  t he  year. I n  

add i t ion ,  there  are s i x  major dams owned by t h e  Aluminum Company'of 

America (ALCOA) which o f t e n  con t r i bu te  t o  f l o o d  reduct ions but  do no t  

have dependable reserved f l o o d  detent ion  capaci ty .  Est imat ion o f  t he  

maximum poss ib le  f lood a t  Widows Creek i s  based on t h e  f lood ana lys is  

made f o r  TVA's Browns Fer ry  Nuclear Plant .  When t rans la ted  t o  Widows 

Creek w i t h  a th ree - foo t  wave runup, the  est imated maximum possib,e f lood 

e leva t ion  i s  649 fee t ,  which i s  about 24 f e e t  above-the nominal s i t e  

grade e leva t ion  o f  625 fee t .  The use o f  dikes o r  e levated land f i l l  

could be used t o  prov ide  f l o o d  p ro tec t i on .  

9.2.5.2.8 METEOROLOGY 

The Widows Creek p l a n t  l i e s  i n  a s l i g h t l y  more pronounced v a l l e y  than 

the  o ther  two s i t e s .  The area experiences upva l ley  and downvalley wind 

and s t a b i l i t y  regimes s i m i l a r  t o  the  o ther  two s i t e s .  The pronounced 

v a l l e y  produces a s l i g h t l y  lower average wind speed and a h igher r e l a t i v e  

frequency o f  s tab le  low wind speed condi t ions,  w i t h  l ess  favorab le  

meteorological d ispers ion  c h a r a c t e r i s t i c s  i n  comparison w i t h  t h e  o ther  

two s i t e s .  The p re l im ina ry  meteorological eva luat ion  o f  t he  Widows 

Creek s i t e  was made using 1967-70 data from a TVA s t a t i o n  3.8 mi les  

nor th-nor theast  o f  t h e  p lan t .  The wind sensor i s  located 44 f e e t  



aboveground w i t h  no temperature grad ient  measurement. Based on a pre- 

l i m i n a r y  assessment of atmospheric d ispers ion  cha rac te r i s t i cs ,  t he  most 

r e s t r i c t i v e  cond i t i on  most l i k e l y  correspond t o  Pasqu i l l  Type G 

condi t ions.  

9.2.5.2.9 LAND AND LAND USE 

The area w i t h i n  a 50-mile rad ius  o f  t h e  Widows Creek p l a n t  i s  used p r i -  

m a r i l y  f o r  a g r i c u l t u r e  and f o r e s t .  Forest  i s  t h e  predominant land use 

w i t h i n  10 mi les  o f  t h e  p l a n t .  The exception i s  the  Sequatchie Va l l ey  

extension, which contains th ree  small communities, t h e  steam p l a n t  and 

a g r i c u l t u r a l  a c t i v i t i e s .  Some o f  t h e  land near the  s i t e  has been i d e n t i -  

f i e d  f o r  p o t e n t i a l  i n d u s t r i a l  use. The Widows Creek hook-on s i t e  i s  

a l ready committed t o  power p l a n t  use. Therefore, no change i n  land use 

o f  the  p l a n t  s i t e  would be experienced by cons t ruc t i on  o f  t h e  demonstra- 

t i o n  p lan t .  

The s i t e  can accommodate an exclus ion area rad ius  o f  over 2,000 f e e t .  

Based upon work by the  reac to r  manufacturers dur ing  the  P ro jec t  D e f i n i -  

t i o n  Phase (PDP) o f  t h e  LMFBR demonstration p l a n t  program, t h i s  exclus ion 

area rad ius  appears t o  be adequate. 

No add i t i ona l  o f f - s i  t e  transmission 1 ines  would be requ i red  w i t h  on ly  

some t i e - i n  equipment necessary. 

9.2.5.2.10 ECOLOGY 

A t  one time, the  Guntersv i l  l e  Reservoir near Widows Creek was a commer- 

c i a l  source o f  mussels. However, i n  t h e  three-year pe r iod  from 1969 

through 1971, on l y  a few mussels have been harvested by commercial mussel 

f ishermen from Guntersvi 11 e Reservoir.  B i o l o g i c a l  samples c o l l  ected i n  

1967 below t h e  p l a n t  consisted o f  bryozoans, l impets  ( F e r r i s s i a )  and 

A s i a t i c  clams (Corbicula).  Fur ther  downstream a d i v e r s i t y  o f  bryozoans, 

caddis f l i e s ,  l impets  and A s i a t i c  clams were found. Upstream from the  



p l a n t  f latworms ( ~ u g e s i a )  , sponges, 01 igochaetes, bryozoans, 1 impets and 

A s i a t i c  clams were found. Hexagenia, Chronomidae, Heleidae, ol igochaetes 

and f i n g e r n a i l  clams (Sphaeriidae) were common on t h e  near ly  uniform 

bottom subst ra te  i n  Widows Creek embayment. 

9.2.5.2.11 PUBLIC WATER SUPPLIES 

There a re  n ine  p u b l i c  water suppl ies taken from Gun te rsv i l l e  Reservoir 

and i t s  t r i b u t a r y  embayments downstream from the  Widows Creek s i t e .  The 

nearest downstream sur face water supply i s  t h e  Scottsboro, Alabama, 

water supply. I t s  i n t a k e  i s  located 21.7 r i v e r  mi les  downstream o f  the  

p l a n t .  The Scottsboro supply serves an est imated 10,000 persons and has 

an average d a i l y  water use o f  1,190,000 gal lons.  There are 20 p u b l i c  

ground water suppl ies w i t h i n  a 20-mile rad ius  o f  t he  s i t e .  

9.2.5.2.12 HISTORIC SITES 

3 
Russel l  Cave na t iona l  monument i s  located about 15 m i les  from the  Widows 

Creek s i t e .  No o ther  h i s t o r i c a l  s i t e s  l i s t e d  i n  the  "National Register  

o f  H i s t o r i c  Places" o r  the  "State Reg is t ry  o f  H i s t o r i c  Places" have been 

i d e n t i f i e d .  

9.2.5.3 CLINCH RIVER 

9.2.5.3.1 SITE LOCATION 

The C l inch  River  s i t e  ( I 6 )  i s  on a peninsula located i n  Roane County, 

Tennessee, on the  no r th  bank o f  Watts Bar Lake between C l inch  R ive r  

Mi les  (CRM) 15 and 18 as shown i n  Figure 9.2-4. The s i t e  borders the  

U. S. Atomic Energy Commission's Oak Ridge Reservation and cons is ts  o f  

a p o r t i o n  o f  a 1,364-acre t r a c t .  



9.2.5.3.2 ACCESSIBILITY 

Access t o  t h e  C l inch  R iver  p l a n t  l o c a t i o n  would necess i ta te  improving 

o r  b u i l d i n g  about two m i l e s  o f  road. Ra i l road access i s  no t  p resent ly  

a v a i l a b l e  on the  s i t e  b u t  can be prov ided by a spur o f  approximately 

two m i les  i n  length .  Barge t r a n s p o r t a t i o n  cou ld  be made a v a i l a b l e  t o  

the  s i t e .  The nearest  commercial a i r p o r t  i s  t h e  Knoxv i l l e  a i r p o r t ,  

about 40 m i les  away. 

9.2.5.3.3 POPULATION 

V i r t u a l l y  a l l  t h e  area w i t h i n  50 m i les  o f  t he  C l i n c h  R iver  s i t e  i s  w i t h i n  

Tennessee. Only a smal l  p o r t i o n  o f  North Caro l ina  and a very small 

p o r t i o n  of Kentucky a r e  included. The popu la t ion  w i t h i n  t h i s  50-mile 

rad ius  was est imated t o  be 678,800 i n  1970. Th i s  was an increase o f  

on l y  5.9 percent  over 1960 as compared w i t h  an increase o f  13 percent  

f o r  t he  Nation. The popu la t ion  dens i t y  w i t h i n  a 50-mile rad ius  o f  t he  

s i t e  was 86.5 people pe r  square m i le .  Wi th in  10 m i les  o f  the  C l i nch  

R iver  s i t e  a re  the  m u n i c i p a l i t i e s  o f  Kingston, Leno i r  City, Harriman 

and Oak Ridge. Kingston w i t h  a 1970 popu la t ion  o f  4,142 i s  nearest  and 

about seven m i les  west o f  t he  s i t e .  The popu la t ion  w i t h i n  10 m i les  o f  

t h e  s i t e  was est imated from the  1970 census s t a t i s t i c s  t o  be 41,895 and 

i s  p ro jec ted  t o  be 46,570 by the  year  1980 and 52,145 by t h e  year  1990. 

Wi th in  f i v e  m i les  o f  t h e  s i t e  t he re  a re  no s i g n i f i c a n t  concentrat ions 

o f  populat ion.  Approximately one- th i rd  o f  t h e  area i s  I n - e i t h e r  AEC o r  
& d$ is.. 

TVA custody. The l and  i n  AEC and TVA c u s t o d y * ~ n c l u d i n g - € h e  s i t e )  i s  

w i t h i n  the c i t y  l i m i t s  of Oak Ridge. Oak Ridge i s  t h e  nearest popu la t ion  

center  as def ined i n  10 CFR P a r t  100. Using the  present  AEC boundary 

as the l i m i t  o f  r e s i d e n t i a l  development o f  t he  c i t y ,  such development 

cou ld  come w i t h i n  about f i v e  m i les  o f  t h e  p l a n t .  Nevertheless, a t  l e a s t  

two- th i rds  o f  Oak Ridge's 28,319 r e s i d e n t  popu la t i on  i n  1970 were 

1 ocated beyond t h e  10-mi 1 e r a d i  us. 



9.2.5.3.4 GEOLOGY 

In February and March of 1972, four core dri  1 1 holes were dr i  11 ed and 

logged on the Clinch River s i t e .  This preliminary work shows that  

foundation conditions are varied throughout the s i t e  area and a re  basi- 

cally the same type of foundation conditions that  ex is t  a t  the TVA Bull 

Run Steam Plant. Although i t  i s  not possible on the basis of only four 

exploratory holes to  evaluate the specific foundation conditions that  

could be encountered a t  t h i s  s i t e ,  certain analogies can be drawn from 

the experience a t  the Bull Run Steam Plant. Extensive excavation to  

get below weathered rock or specialized foundation treatment for  indi- 

vidual column loads could be required, as a t  Bull Run. Although more 

geological investigations would be needed a t  t h i s  s i t e ,  i t  was anticipated 

that  adequate foundations can be designed. 

9.2.5.3.5 SEISMOLOGY 
1 
1 

Seismology for  the Clinch River s i t e  has been discussed in Sec- 

tion 9.2.5.1.5. 

9.2.5.3.6 HYDROLOGY 

Watts Bar Dam on the Tennessee River a t  TRM 529.9 i s  located 55 r iver  

miles downstream from the Clinch River s i t e .  In the vicini ty  of the 

s i t e  the reservoir ranges in width from about 300 fee t  t o  600 fee t  with 

depths between 22 and 24 f ee t  a t  the Watts Bar normal full-pool elevation 

of 741 fee t .  Based upon stream gage measurements by the U. S. Geological 

Survey a t  three locations near the s i t e  area, the average discharge i s  

estimated to  be 4,600 cfs.  The Me1 ton Hill Dam, located about f ive  miles 

upstream of the s i t e ,  was closed in May 1963. Since the closure of the 

dam, there has been an average of 50 days per year during which there 

were no releases from the dam, resulting in practically zero flow a t  the 

Clinch River s i t e .  The drainage area between Melton Hill Dam and the 



p l a n t  s i t e  i s  25 square mi les .  The longest  p e r i o d  w i t h  no re lease from 

t h e  dam occurred i n  February and March 1966 when there  was no f l o w  below 

the  dam f o r  29 consecut ive days. These cond i t i ons  r e s u l t e d  from spec ia l  

r e s e r v o i r  operat ions i n  an e f f o r t  t o  reduce the  growth o f  Eurasian water 

m i l  f o i l  i n  t h e  rese rvo i r .  ( I 7 )  Such extended per iods o f  zero f l o w  from 

Melton H i l l  Dam a re  no t  a n t i c i p a t e d  i n  t he  fu tu re .  During days when 

the re  a re  no re leases from Melton H i l l  Dam, upstream f l o w  a t  t he  s i t e  

i s  possib le,  depending upon t h e  opera t ion  o f  Watts Bar and F o r t  Loudoun 

Reservoirs . 

Use of t he  C l i nch  R iver  s i t e  would r e q u i r e  t h e  i n s t a l l a t i o n  of supple- 

mental cool  i n g  f a c i  1  i t i e s .  Makeup water requirements from the  r e s e r v o i r  

f o r  coo l i ng  towers a r e  expected t o  be approximately 14 c fs  w i t h  d i s -  

charges from the  coo l i ng  f a c i l i t i e s  t o  t h e  r e s e r v o i r  o f  about 7 c f s .  

Adequate t reatment  o f  t h i s  l i m i t e d  amount o f  water can be prov ided t o  

meet app l i cab le  Federal and s t a t e  water q u a l i t y  standards. S ta te  water 

q u a l i t y  standards a re  i n  Sect ion 2.5. 

9.2.5.3.7 FLOOD ELEVATION 

The maximum f l o o d  l e v e l s  expected a t  t h e  C l i nch  R ive r  s i t e  were de ter -  

mined us ing  p re l im ina ry  est imates. The maximum poss ib le  hyd rau l i c  con- 

d i t i o n s  w i thou t  dam f a i l u r e  cou ld  cause the  r i v e r  t o  reach an e l e v a t i o n  

o f  785 f e e t .  Nonconcurrent seismic f a i l u r e  o f  N o r r i s  Dam cou ld  r e s u l t  

i n  an est imated f l o o d  e l e v a t i o n  o f  800 f e e t  a t  t h e  C l i n c h  R ive r  s i t e .  

The poss ib le  c o n t r i b u t i o n  from t h e  p o t e n t i a l  f a i l u r e  o f  Melton H i l l  Dam 

which i s  loca ted  between N o r r i s  Dam and the  s i t e  was n o t  taken i n t o  

account due t o  i t s  r e l a t i v e l y  small s i z e  compared t o  N o r r i s  Dam. AEC 

recommended procedures f o r  consider ing concurrent f 1  oodi ng and s e i  smi c  

f a i l u r e  o f  N o r r i s  Dam g i v e  an est imated e l e v a t i o n  o f  810 fee t .  

The C l i nch  R ive r  s i t e  p l a n t  grade was expected t o  be a t  an e leva t i on  o f  

approximately 810 fee t .  Due t o  the  topography a t  t h i s  s i t e ,  the  p l a n t  



e leva t ion  can be increased by m i  nor r e l o c a t i o n  i f  required.  Consequently 

adequate f l o o d  p r o t e c t i o n  could be provided wi thout  making spec ia l  pro- 

v i s ions  a t  t h i s  s i t e .  

9.2.5.3.8 METEOROLOGY 

The Cl inch River  s i t e  i s  located i n  a  we1 1-def ined v a l l e y  w i t h  an upva l ley  

and downvalley wind s t a b i l i t y  regime s i m i l a r  t o  John Sevier and Widows 

Creek. The phys io log ica l  features o f  t h e  s i t e  are  very much l i k e  the  

John Sevier  s i t e ,  both having less  pronounced fea tures  than t h e  Widows 

Creek s i t e .  The p re l im ina ry  eva luat ion  o f  meteorology a t  t he  C l i nch  

R iver  s i t e  was based p r i m a r i l y  on 1963-68 data from Oak Ridge area S t a t i o n  

X-10, located 4.5 m i les  nor theast  o f  t he  p l a n t s i t e .  The s t a t i o n  inc ludes 

wind sensors 140 f e e t  aboveground and temperature sensors 5  and 140 f e e t  

aboveground. 

1 
I Based on a  p re l im ina ry  assessment o f  atmospheric d ispers ion  charac ter is -  

t i c s ,  t h e  most r e s t r i c t i v e  cond i t i on  corresponds t o  Pasqu i l l  Type G 

cond i t ion .  

9.2.5.3.9 LAND AND LAND USE 

The area w i t h i n  a  50-mile rad ius  o f  t he  C l inch R iver  p l a n t  s i t e  i s  most ly  

r u r a l  and used main ly  f o r  a g r i c u l t u r e  and f o r e s t  except f o r  t he  urban 

areas o f  Knoxv i l le ,  Oak Ridge, Maryvi l le-Alcoa and Athens. Wi th in  

f i v e  m i les  o f  the  s i t e ,  there  are two major i n d u s t r i a l  a c t i v i t i e s .  These 

a re  the  Oak Ridge Gaseous D i f f u s i o n  P lan t  and the  Oak Ridge Nat ional  

Laboratory. I n  add i t ion ,  th ree small i n d u s t r i a l  operat ions w i l l  be com- 

mencing operat ion i n  the  near f u t u r e  between Chestnut Ridge and the  road 

which forms the  nor thern  boundary o f  t h e  t r a c t .  These p l a n t s  are  

expected t o  have from 6 t o  25 employees. The AEC's Y-12 P lan t  i s  located 

approximately n ine  m i les  from t h e  s i t e  and TVA's Kingston Steam Plant  i s  

7-112 m i les  west o f  t he  s i t e .  While l o c a t i o n  o f  t he  p l a n t  a t  the  C l i nch  

R iver  s i t e  w i l l  commit t he  land t o  power p l a n t  use, the  land i s  a l ready 



committed t o  i n d u s t r i a l  development. The s i t e  can accommodate an exclu-  

s i o n  area rad ius  o f  over  2,000 f e e t .  Based upon work by the  reac to r  

manufacturers dur ing  the  P r o j e c t  D e f i n i t i o n  Phase (PDP) o f  the  LMFBR 

Demonstration P l a n t  Program, t h i s  exc lus ion  area rad ius  appears t o  be 

adequate. 

No a d d i t i o n a l  o f f - s i t e  t ransmiss ion l i n e s  would be requi red,  b u t  a  t i e - i n  

to. an e x i s t i n g  161-kV l i n e  and a  swi tchyard w i l l  be needed. Fur ther  

study a f t e r  t he  s i t e  was se lec ted  has shown t h a t  some o f f - s i t e  t rans-  

miss ion l i n e s  w i l l  be requi red;  see Sect ion 3.9. 

9.2.5.3.10 ECOLOGY 

Benthic data near the  C l i nch  R ive r  s i t e  were a v a i l a b l e  f rom ORNL i n v e s t i -  

ga t ions  conducted i n  t h e  e a r l y  and mid-1960's and from TVA s tud ies  i n  

t h e  1960's. The C l i nch  River  i s  n o t  g r e a t l y  enr iched w i t h  o rgan ic  
2 mat ter .  An est imate o f  p r o d u c t i v i t y  i n  t he  r i v e r  i s  10 g/m /yr i n  terms 

of midge adu l t s .  The a d d i t i o n  o f  heat t o  t h e  r i v e r  a t  t he  s i t e  should 

n o t  have a  s i g n i f i c a n t  e f f e c t  on presumably l i m i t e d  b i o t a .  

9.2.5.3.11 PUBLIC WATER SUPPLIES 

There a re  ten  p u b l i c  surface water suppl ies w i t h i n  a  20-mile rad ius  o f  

t he  C l i nch  R ive r  s i t e .  Three o f  these water supp l ies  a re  l oca ted  where 

they would be in f luenced by t h e  p l a n t ' s  water discharges. There a r e  

a l so  17 pub1 i c  water suppl i e s  withdrawing water f rom we1 1s and spr ings 

w i t h i n  a  20-mile rad ius  o f  t he  p l a n t  s i t e .  

The c i t y  o f  Rockwood, Tennessee, has an a u x i l i a r y  p u b l i c  water supply 

i n t a k e  l oca ted  on the  King Creek embayment o f  Watts Bar Reservoi r  where 

t h e  p o t e n t i a l  f o r  reverse f l o w  e x i s t s .  Under c e r t a i n  cond i t ions  , C l  i nch  

R ive r  waters cou ld  f l o w  upstream i n  t h e  Emory River .  



There are 16 i n d u s t r i a l  water suppl ies w i t h i n  a 20-mile rad ius  o f  t he  

s i t e  o f  which f i v e  are located where they would be in f luenced by the  

p l a n t ' s  discharges. The c loses t  o f  these i s  an AEC water i n t a k e  located 

1.6 m i les  downstream from t h e  s i t e  a t  CRM 14.4. This supply has an 

average d a i l y  use o f  2.5 m i l l  i o n  gal lons.  The second i s  an AEC supply 

a t  CRM 11.5 and t h e  t h i r d  i s  TVA's Kingston Steam Plant .  A. B. Long 

Quarr ies,  Incorporated and Mead Corporat ion a re  both located on the  

Emory R ive r  arm o f  Watts Bar Reservoi r  and could rece ive  upstream flows 

from t h e  C l inch River,  bu t  n e i t h e r  o f  these suppl ies i s  used fo r  po tab le  

o r  san i ta ry  purposes. 

9.2.5.3.12 HISTORIC SITES 

The Museum o f  Atomic Energy and the  ORNL Graphite Reactor a re  w i t h i n  

10 m i les  o f  t he  C l i nch  R ive r  s i t e .  No o the r  h i s t o r i c a l  s i t e s  l i s t e d  i n  

t h e  "National Register  o f  H i s t o r i c  Places" o r  t h e  "Sta te  Reg is t ry  o f  

' )  H i s t o r i c  Places" have been i d e n t i f i e d .  

9.2.6 ECONOMIC COMPARISON 

9.2.6.1 BASIS OF COMPARISON 

I n  t h i s  subsection, t he  d i f f e r e n t i a l  costs o f  t he  th ree  a l t e r n a t i v e s  are  

compared. Using a new p l a n t  a t  t he  C l i nch  R ive r  s i t e  as t h e  base case, 

t h e  hook-ons a t  John Sevier and Widows Creek are examined f o r  cos t  savings 

and pena l t ies .  The costs a r e  presented i n  1972 d o l l a r s .  A re-examination 

o f  these costs i s  described a t  t h e  end o f  subsect ion 9.2.6.2. 

The economic comparison i s  based on: (1) t h e  use o f  two reheat  u n i t s  

a t  John Sevier; (2) t he  use of t h ree  non-reheat u n i t s  a t  Widows Creek; and 

(3) the  C l i nch  R ive r  s i t e  adjacent t o  the  AEC's Oak Ridge Reservation f o r  



a new p l a n t  s i t e . " )  P r i n c i p a l  p l a n t  parameters u t i l i z e d  i n  t h i s  com- 

par ison a r e  b r i e f l y  summarized i n  Table 9.2-4. P lan t  cos t  in fo rmat ion  

i s  based on t h e  f o l l o w i n g  th ree  sources: 

1. A d r a f t  r e p o r t  e n t i t l e d  "LMFBR Hook-On Considerat ions a t  

John Sevier  and Widows Creek," dated A p r i l  1, 1972. (18) 

2. Proposals received by the  P r o j e c t  Management Corporat ion 

(PMC) on A p r i l  21, 1972, from General E l e c t r i c ,  Westinghouse 

and Atomics I n t e r n a t i o n a l  t o  design and f u r n i s h  t h e  nuclear  

steam supply system f o r  t h e  LMFBR demonstration p lan t .  The 

PMC request f o r  proposals s p e c i f i e d  two a l t e r n a t i v e s .  One 

was an 810-MW thermal NSSS a t  John Sevier w i t h  separate 

o i l - f i r e d  reheaters. The o the r  was a 950-MW thermal NSSI 

a t  Widows Creek. (19,20,21) 

3. A p re l im ina ry  cos t  est imate by TVA f o r  t h e  balance o f  a 

new p l a n t  a t  t h e  C l i nch  R ive r  s i t e  assuming t h a t  the  NSSS 

s p e c i f i e d  f o r  t h e  Widows Creek s i t e  would be used a t  t h e  

new s i t e .  

The reference t u r b i n e  p l a n t  design f o r  an e n t i r e l y  new demonstration 

p l a n t  a t  t h e  C l inch  R iver  s i t e  i s  based on an adaptat ion o f  a design pro- 

posed by Westinghouse a f t e r  a study o f  var ious  a l t e r n a t i v e s .  The r e f e r -  

ence design u t i l i z e s  a t u r b i n e  w i t h  t h r o t t l e  cond i t ions  o f  2,400 p s i g  

and 900 degrees F i n  con junc t ion  w i t h  mois tu re  separat ion and steam reheat  

w i t h  s i x  stages o f  feedwater heat ing. The proposed 3,600-RPM tandem 

compound machine would have th ree  casings and a f o u r - f l o w  exhaust end 

w i t h  25-inch l a s t  stage b lading.  The demonstration p l a n t  n e t  heat r a t e  

f o r  t he  above cond i t ions  i s  est imated t o  be about 8,950 Btu per  k i l o w a t t  

hour corresponding t o  a n e t  thermal e f f i c i e n c y  o f  38 percent.  With a 

950-MW thermal NSSS, the  n e t  e l e c t r i c a l  ou tpu t  would be 361 MW. The use 

o f  t h i s  c o n f i g u r a t i o n  f o r  t he  t u r b i n e  p l a n t  d i d  n o t  p rov ide  an opt imized 

arrangement. However, i t  d i d  prov ide  a reasonabl e bas is  f o r  comparison. 



i / 

9.2.6.2 COST COMPARISON 

The cos t  comparison made i n  terms o f  1972 d o l l a r s  i s  summarized i n  

Table 9.2-5. Normal overheads and appropr iate cont ingencies f o r  each 

cos t  component were included; however, i n t e r e s t  dur ing  const ruc t ion  i s  

n o t  included. 

The estimates i n d i c a t e  a p o t e n t i a l  savings o f  about $42 and $38 m i l l i o n  

i n  p l a n t  f i r s t  costs f o r  Widows Creek and John Sevier, respect ive ly ,  

over  an e n t i r e l y  new demonstration p l a n t  a t  t he  C l i nch  R iver  s i t e .  The 

d i f f e rence  of $4 m i l l i o n  i n  t h e  f i r s t  cost  a t  John Sevier  and Widows 

Creek i s  we1 1 w i t h i n  t h e  uncer ta in t i es  associated w i t h  these estimates. 

An extensive de ta i  1 ed engineering study would be requ i red  t o  reduce the  

uncer ta in ty  i n  the  estimates. 

S i t e  development cos t  o f  approximately $21 m i l l i o n  f o r  t he  new p l a n t  a t  

$ \  i t h e  C l inch R iver  s i t e  i s  shown as a c r e d i t  f o r  t he  hook-on s i t e s .  S i t e  

cos t  associated w i t h  add i t i ons  and mod i f i ca t i ons  requ i red  f o r  t h e  hook-on 

i s  much smal ler  and i s  inc luded i n  t h e  hook-on cost .  Less than $2 m i l -  

l i o n  d i f f e rence  e x i s t s  f o r  a l t e r n a t i v e  NSSS costs; and, therefore,  i t  

i s  no t  a major f a c t o r  i n  t h e  comparison. The d i f f e r e n c e  i s  a t t r i b u t e d  

t o  the  d i f f e rence  i n  p l a n t  s ize .  

The cos t  o f  a new tu rb ine  p l a n t  i s  approximately $46 m i l l i o n  (shown as a 

c r e d i t )  compared t o  the  hook-on cos t  a t  Widows Creek o f  about $32 m i l l  i o n  

and the  hook-on cos t  i nc lud ing  o i l  reheaters a t  John Sevier o f  about 

$38 m i l  l i o n .  I t  was assumed t h a t  coo l i ng  towers would be used f o r  t he  

new p l a n t  a t  t h e  C l inch R iver  s i t e .  The coo l i ng  towers together  w i t h  

t h e  new switchyard represent  about $7 m i l l i o n  i n  new f a c i l i t i e s  t h a t  

were not  requ i red  a t  Widows Creek o r  John Sevier.  

Demonstration pe r iod  opera t ing  cos t  i s  based on a f i ve-year  demonstration 

pe r iod  a f t e r  completion o f  operat ional  t e s t i n g  o f  t h e  p lan t .  I t  was 
\ 



assumed AEC would provide a l l  nuclear fuel and fuel services for  the 
project during the demonstration period a t  no cost t o  the project. The 

nuclear fuel cost included fuel fabrication b u t  does not include cost 
of nuclear materials, use charges, spent fuel shipping and reprocessing. 
The credi t  of $6 mil l ion a t  John Sevier i s  due t o  i t s  smaller nuclear 
fuel requirements. Fuel o i l  costs for  the oi l - f i red reheater more than 
of fse t  the savings from the smaller core. There i s  no s ignif icant  dif-  
ference in the non-fuel operation and maintenance cost ,  which includes 
nuclear 1 iabi 1 i ty insurance, s t a f f  training and plant preoperational 
testing. Based on th i s  comparison, Widows Creek would be about $1 million 
lower i n  cost and John Sevier about $5 million more expensive to  operate 
over the demonstration period than a new plant a t  the Clinch River s i t e .  
Taking credi t  for  the value of the output of the demonstration plant, 
the net operating cost difference would be less than $1 mil lion more 

for  Widows Creek than for  a new plant due to  Widows Creek's smaller net 
e l ec t r i c  rating and the disadvantage for  John Sevier would be about 
$6.4 million. 

The John Sevier p l a n t  i s  located in a higher fuel cost area than Widows 

Creek. In the past TVA has had d i f f icu l ty  in obtaining an adequate sup- 

ply of coal a t  John Sevier and i n  the future the outlook i s  not expected 
t o  improve. Therefore, location of the LMFBR demonstration plant a t  

John Sevier could partly a l lev ia te  the coal supply problem and possibly 
resu l t  in increased revenue to  the project from the NSSS output which i s  
not considered i n  t h i s  comparison. 

The economic comparison including the effects  of 30-percent escalation to  
the end of the demonstration period, indicates an advantage of about 
$54 million and $41 million, respectively, for  Widows Creek and John 
Sevier over a new plant. Widows Creek has about a $13 million advantage 
over John Sevier which i s  largely attributed to  the use of fuel oi l  for  

the reheaters a t  John Sevier. 



Because o f  the  changes i n  the  na t iona l  economy s ince the  cost  comparison 

was made, i t  was decided t o  review the  r e s u l t s .  Changes i n  the  p l a n t  

cost  components should be s i m i l a r  f o r  each o f  t he  a l te rna t i ves .  The cos t  

o f  f ue l  o i l  f o r  John Sevier  was est imated as $1 .OO per  m i l l i o n  Btu  i n  the  

1972 estimate. Based upon cu r ren t  p ro jec t ions ,  there  would be a substan- 

t i a l  increase i n  the  cost  o f  f u e l  f o r  t he  o i l - f i r e d  reheaters. These 

changes i n d i c a t e  the  p l a n t  c a p i t a l  costs would be about the  same and t h a t  

t h e  opera t ing  cost  a t  John Sevier  would increase; thus, g i v i n g  less  

economic i ncen t i ve  f o r  John Sevier as compared w i t h  the  1972 est imate. 

Wi th in  the  l i m i t s  o f  accuracy i n  the  ana lys is ,  these changes would n o t  

s i g n i f i c a n t l y  change the  conclusions made i n  the 1972 study. 

The d i f f e r e n t i a l  costs o f  t he  a l t e r n a t i v e  approaches are  best  estimates 

and are f u r t h e r  sub jec t  t o  r e l a t i v e l y  l a rge  uncer ta in ty .  The eva luat ion  

o f  t h i s  uncer ta in ty  and hence, the  d e t a i l e d  a p p l i c a t i o n  o f  t he  r e s u l t s  i s  

/ I  
a major problem i n  i t s e l f .  However, i n  iiiew o f  the  p r o j e c t  costs given 

i n  Sect ion 8, the  cos t  d i f f e r e n t i a l s  are f e l t  t o  be r e l a t i v e l y  small and 

do n o t  provide a c l e a r  i ncen t i ve  t o  s e l e c t  any o f  the  th ree s i t e s  based 

on cos t  considerat ions. 

9.2.7 OTHER FACTORS CONSIDERED I N  COMPARING THE CANDIDATE SITES 

I n  a d d i t i o n  t o  the in format ion  provided on t h e  th ree  candidate s i t e s  i n  

the  desc r ip t i on  o f  t he  s i t e s  and the  economic evaluat ion,  there  were 

several o ther  important  f a c t o r s  considered i n  se lec t i ng  the  s i t e  f o r  the  

demonstration p l a n t  p r o j e c t .  

From the  standpoint  o f  p l a n t  design, the  C l inch River  s i t e  has an advan- 

tage s ince the  complete p l a n t  would be designed t o  accommodate the  LMFBR. 

Hook-on p lan ts  are  constrained i n  design f l e x i b i l i t y  s ince the  LMFBR would 

be constrained t o  i n t e r f a c e  w i t h  and u t i l i z e  the e x i s t i n g  f a c i l i t i e s .  The 

major d i f f e rence  i n  hook-on design a l t e r n a t i v e s  i s  t h a t  t he  John Sevier  

tu rb ines  use reheat  steam wh i le  those a t  Widows Creek do not.  



TVA plans c a l l e d  f o r  i n s t a l l a t i o n  o f  an experimental f u l l - s c a l e  s tack gas 

scrubbing system on t h e  550-MW Widows Creek U n i t  8 t o  study removal o f  

s u l f u r  d iox ide  and p a r t i c u l a t e s  from c o a l - f i r e d  p l a n t  gaseous e f f l u e n t s .  

This  program could have an impact on demonstration p l a n t  cons t ruc t i on  

a c t i v i t i e s .  Together w i t h  the demonstration p lan t ,  TVA would have almost 

1,000 MW o f  a v a i l a b l e  capac i ty  a t  t h i s  s t a t i o n  i nvo l ved  i n  research and 

development a c t i v i t i e s  which could have an adverse e f f e c t  on TVA power 

system operat ions. 

Costs t o  TVA which a re  n o t  reimbursable by the  p r o j e c t  a re  an economic 

fac to r  n o t  inc luded i n  the  cos t  comparison. For t he  hook-on p lan ts ,  addi-  

t i o n a l  cos t  t o  TVA cou ld  r e s u l t  f rom loss  o f  capac i ty  and replacement 

energy cos t  when the  u n i t s  a re  shut  down t o  t i e  i n  t h e  NSSS. No a l low- 

ance was inc luded i n  the  comparison because i t  would vary g r e a t l y  w i t h  

t h e  circumstances and season o f  the year  i n  which the  shutdown occurs. 

The cos t  would be minimal i f  the  outage occurred i n  an of f -peak pe r iod  

and adequate system reserve were ava i l ab le .  Under l e s s  favorab le  condi- 

t i o n s  the  cos t  t o  TVA cou ld  be subs tan t i a l  ($2-3 m i l l i o n )  f o r  a three-  

month outage. (There are  n o t  out-of-pocket costs t o  TVA f o r  the  C l inch  

R iver  s i t e  s ince  i t  i s  now i n  TVA custody.) The cos t  of t ransmiss ion 

f a c i l i t i e s  a t  the  C l inch  R iver  s i t e  would be approximately $0.8 m i l l i o n .  

Another f ac to r  unique t o  t h i s  p r o j e c t  i s  the  p o t e n t i a l  value o f  the  

demonstration p l a n t  a t  the  end o f  the  demonstration per iod.  TVA w i l l  

perform an eva lua t ion  and, i f  favorable,  o f f e r  t o  purchase the  demonstra- 

t i o n  p l a n t  a t  i t s  value t o  TVA on t h e  TVA system. I f  TVA does n o t  e l e c t  

t o  purchase the  p lan t ,  i t  w i l l  be a t  AEC's op t i on  and expense t o  decom- 

miss ion the  p l a n t  o r  cont inue t o  operate the  p l a n t  f o r  the  AEC. There 

i s  very l i t t l e  p o s s i b i l i t y  t h a t  a hook-on p l a n t  a t  John Sevier  would 

have any economic value due t o  t h e  h igh  cos t  o f  opera t ing  the  separate 

o i l  - f i r e d  reheaters. It i s  a l so  u n l i k e l y  t h a t  Widows Creek would have 

very s i g n i f i c a n t  economic value. The hook-on p l a n t s  cannot be assigned 

a value as capac i ty  s ince  they would n o t  represent  an increase i n  power 

system capaci ty .  They would a c t u a l l y  i n c u r  a capac i ty  pena l ty  due t o  



- - 
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the l oss  i n  capaci ty  which r e s u l t s  from of f -des ign steam condi t ions used 

f o r  the  demonstration p lan t .  An e n t i r e l y  new p l a n t  w i t h  i t s  own turbo-  

generator might have s u f f i c i e n t  economic value t h a t  cont inued operat ion 

could be j u s t i f i e d  beyond t h e  end o f  the  demonstration period. 

Some o f  t h e  o v e r r i d i n g  consideratons inherent  i n  the s e l e c t i o n  o f  the  

e n t i  r e l y  new CRBRP i n c l  uded the  p o t e n t i a l  techn ica l  problems associated 

w i t h  a hook-on arrangement. These included: 

1. P lant  con t ro l  considerat ions which w i  11 requ i re  continous 

analog type cont ro l  funct ions;  

2 .  There i s  a poss ib le  quest ion t o  which nuclear  standards 

and q u a l i t y  assurance requirements can be app l i ed  t o  

e x i s t i n g  hook-on p l a n t  equipment; and 

3. Mismatch i n  steam condi t ions lead ing t o  degradation o f  

t he  tu rb ine  performance. 

' 1 Together these problems were considered t o  present s i g n i f i c a n t  uncerta in-  

t i e s  i n  the  abi  1 i ty o f  a hook-on arrangement t o  meet t h e  ob jec t ives  of 

the  demonstration p l a n t .  

Table 9.2-6 inc ludes some o ther  somewhat i n t a n g i b l e  considerat ions which 

played a p a r t  i n  the  o v e r a l l  s i t e  s e l e c t i o n  decis ion.  Though the  i n tan -  

g i  b l e  considerat ions are d i f f i c u l t  t o  quan t i f y ,  t h e  r e s u l t s  i n d i c a t e  more 

advantages f o r  t he  C l inch R iver  s i t e  than f o r  t h e  o t h e r  two s i t e s ,  w i t h  

Widows Creek being the  l e a s t  desi rable.  

9.2.8 SITE SELECTION CONCLUSIONS 

An ana lys is  o f  t h e  s i t e  c h a r a c t e r i s t i c s  and environmental f ac to rs  i d e n t i -  

f i e d  no major problem which would preclude the  use o f  t he  Widows Creek, 

John Sevier  o r  C l inch R ive r  s i t e s  f o r  t he  LMFBR demonstration p l a n t .  I n  

add i t ion ,  the  p re l im ina ry  studies i nd i ca ted  no s i g n i f i c a n t  environmental 



d i f f e rences  i n  t he  th ree  s i t e s .  While the re  were some phys ica l  d i f f e r -  

ences, they a re  a l l  amenable t o  design so lu t i ons .  

The engineering f e a s i b i l i t y  s tud ies  were favorab le  f o r  t he  hook-on concept 

a t  both the  Widows Creek and John Sevier  s i t e s  and f o r  an e n t i r e l y  new 

p l a n t  concept a t  t he  C l i n c h  R ive r  s i t e .  The added c o n t r o l  c o m p l e x i b i l i t y  

associated w i t h  the  hook-on p l a n t  could reduce p l a n t  avai  l a b i  1  i ty. 

Furthermore, t he re  was unce r ta in t y  associated w i t h  a p p l i c a t i o n  o f  nuclear  

standards and qua1 i t y  assurance requ i  rements t o  the  t u r b i n e  p l a n t  and 

associated f a c i l i t i e s .  Because o f  the  mismatch i n  steam cond i t ions  f o r  

t h e  hook-on a l t e r n a t i v e s ,  they were s u b s t a n t i a l l y  l ess  des i rab le  from the  

standpoint  o f  optimum p l a n t  performance. The John Sevier  u n i t s  operate 

on a  reheat  cyc le,  which adds t o  p l a n t  c a p i t a l  and opera t ing  costs.  More- 

over, t he  planned experimental a c t i v i t i e s  a t  Widows Creek coupled w i t h  

LMFBR cons t ruc t i on  a c t i v i t i e s  cou ld  compound s t a t i o n  avai  l a b i  1  i ty problems 

there.  

On balance, t h e  C l i nch  R iver  s i t e  w i t h  an e n t i r e l y  new p l a n t  would have 

a - s i g n i f i c a n t  a v a i l a b i l i t y  advantage. The p re l im ina ry  cos t  comparison 

f o r  t he  f i ve -yea r  demonstration pe r iod  i n d i c a t e d  a  p o t e n t i a l  savings on 

the  p r o j e c t  cos t  i f  the  hook-on a l t e r n a t i v e  i s  se lected.  However, the  

advantages are  r e l a t i v e l y  s l i g h t  and w i t h i n  the  unce r ta in t y  o f  t he  

analyses. Thus w i t h i n  a  p r a c t i c a l  ma t te r  t h e  s i t e s  were considered t o  

be economically equivalent .  I n  add i t i on ,  an impor tan t  f a c t o r  i n  t he  

r e l a t i v e  economics which cou ld  be a  d e f i n i t e  advantage t o  t h e  new p l a n t  

concept i s  t h e  value o f  t he  p l a n t  a t  the  end o f  the  demonstration per iod.  

The new p l a n t  a t  t he  C l i nch  R ive r  s i t e  as opposed t o  the  s i t e s  i n v o l v i n g  

the  hook-on concept has a  b e t t e r  chance o f  be ing  o f  value t o  the  TVA 

power system as a  generat ing source a f t e r  t he  i n i t i a l  f i ve -yea r  t e s t  

per iod.  The cont inued opera t ion  o f  t he  demonstration p l a n t  a f t e r  t he  

i n i t i a l  t e s t i n g  pe r iod  w i  11 r e s u l t  i n  cont inued output  o f  engineering, 

maintenance and opera t iona l  data. 



Based on these considerations and the advantages of the new plant concept 
in offering greater flexibility in NSSS design t o  meet program objectives 
and less chance of interruption or adverse effect on the operation of 

the TVA power system, the Clinch River s i te  was selected as the best 
overall s i te  of those considered for developing the Nation's f i r s t  LMFBR 

demonstration plant. 



TABLE 9.2-1 

TVA STEAM PLANT CHARACTERISTICS FOR DEMONSTRATION PLANT SITING ADAPTABILITY 

T h r o t t l e  
Steam 

T h r o t t l  e/ 
Reheat U n i t  

Nameplate 
Capaci ty-MWe 

330.00 
1152.00 
950.00 
200.00 
223.25 
550.00 

1300.00 
300.00 
327.60 
223.25 
200.00 
125.00 
147.00 
172.80 
175.00 
200.00 
704.00 

1 1 50.20 
1220.58 

175.00 
60.00 

1269.90 

Meets 
S ize  

C r i t e r i a  

Yes 
No 
No 
Yes) 
Yes) 
N 0 
No 
Yes ) 
Yes) 
Yes) 
Yes) 
Yes) 
Yes) 
Yes) 
Yes) 
Yes) 
No 
No 
No 
Yes 
N 0 
No 

Pres u r e  
1 6 / in3  sage 

Steam Temp. 
" F 

Acceptable 
Seismology 

No - - 

Candidate 
S i t e  P l a n t  U n i t s  

A1 1 en 3 
Browns Ferry* 3 
B u l l  Run 1 
Col b e r t  1842 

2-4 
5 

Cumber1 and 1 &2 
G a l l a t i n  1 &2 

3&4 
John Sevier  1 

2-4 
Johnsonvi 11 e 1-4 

5- 6 
7-1 0 

K i  ngs ton  1-4 
5- 9 

Paradise 1-2 
3 

~ e q  uoya h* 1-2 
Shawnee 1-10 
Watts Bar 1-4 
Watts Bar Nuclear 1-2 

P l a n t  
Widows Creek 1-4 

5- 6 
7 
8 

X-14 & X-15* 1-2 

I Yes I Yes 

] Yes 

I Yes 

] Yes ] Yes 

Yes 
No 
No 
No 
No 

Yes - - Yes 

*Nuclear  P lan ts  



TABLE 9.2-2 

SITE DATA FOR CANDIDATE SITES - NEW 

PLT MAX ACCESS DIST FROM TRANS 
RIV GR POSS CON0 FACILITIES FDN POPULATED LINES 

NO. SITE M I  EL FL EL COOLING HWY RAIL BARGE CONDITIONS AREAS 161 KV 

TENN RIVER 
1. Spring Creek 2831. 580 573 Auxi 1 i a r y  7+mi 7tmi Yes Not i n v e s t i -  18tmi t o  1-3 mi 

(Wheeler Res) Cooling (Ala20) (SOU) gated Athens Ala SW 
Req'd (pop 14,000+) 

19+mi t o  
Decatur A la 
(pop 37,800+) 

2. Murphy H i l l  370L 618 618 Aux i l  i a r y  
(Guntersv i l  l e  Cool i ng 
Res) Req ' d 

3. B ly the  Ferry  499L 730 725 A u x i l i a r y  
(Chickamauga Cool i ng 
Res) Req ' d 

4. Caney Creek 5621 820 775 Auxi 1 i a r y  
(Watts Bar Res) Cooling 

Req ' d 

16tmi 27+mi Yes Core d r i l l i n g  l l - + m i  t o  Gun- 1 -Just 
(US431 ) (L&N) ind ica tes  top t e r s v i l l e  Ala across res-  

o f  rock 21 t o  (pop 6,5002) e r v o i r .  Pro- 
61 f t  below 15imi t o  posed l i n e  
general s i t e  Scottsboro Ala and substat ion 
grade (pop 9,300t) 3 mi S 

0.3+mi 22+mi Yes Seismic det -  6imi t o  Dayton 1-6 mi SE 
Tenn 80 (SOU) ermi nat ions Tenn. (pop 

i n d i c a t e  4,400+) 
top  o f  rock 
a t  favorable 
depth below 
p l a n t  grade 

1.5imi 6+mi Yes Not i n v e s t i -  4.5-i t o  l t m i  NW 
(US70 & (L&N) gated Rockwood Tenn 1-4 mi SE 
27 (pop 5,300+) across res-  

5.5 mi t o  e rvo i  r 
Kingston Tenn 
(pop 4.200+) 

(Continued) 



TABLE 9.2-2 (Continued) 

PLT MAX ACCESS OIST FROM TRANS 
RIV GR POSS CON0 FACILITIES FON POPULATED LINES 

NO. SITE MI EL FL EL COOLING HWY RAIL BARGE CONDITIONS AREAS 161 KV 

CLINCH RIVER 
5. C l i n c h  R i v e r  16R 800 785 Auxi 1 i a r y  2+mi 2tmi Yes 

(Watts Bar Res) Cool i n g  (Oak Spur 
Req ' d Ridge of 

Turnp ike)  SOU 

Core d r i l l i n g  Btmi t o  1 -passes 
i n d i c a t e s  l i m e  K ingston Tenn through s i t e  
s tone and s i l t  (pop 4,200t) l t m i  N 
s tone u n d e r l i e s  10 mi  t o  
s i t e  Oak Ridge Tenn 
Geo log i s t s  (pop 28 ,OOO+) 
be1 i e v e  adequ- 
a t e  f ounda t i on  
i s  a v a i l a b l e  

FR. BROAD 
RIVER 

6. T a y l o r  Bend 64R 1055 1016 A u x i l i a r y  2+mi 4 tmi  No C u r r e n t l y  7 tmi  t o  1-6tmi N 
(Douglas Res) Cool ing (US 25E) (SOU) under i n v e s t i -  Newport Tenn 2-9+mi N 

Req'd g a t i o n  (pop 7,300t) 12+mi 
t o  M o r r i s  town 
Tenn (pop 20,300t) 

HOLSTON 
RIVER 
Buck Hol low 

Lee Val l e y  
(Cherokee 
Res) 

39L 1050 950 Auxi 1 i a r y  4tmi 4+mi No C u r r e n t l y  5tmi t o  1 -passes 
Cool ing (US 11E) (SOU) under i n v e s t i -  J e f f e r s o n  C i t y .  th rough s i t e  
Req'd g a t i o n  (pop 5,lOOt) 1-2+mi S 

88L 1120 1089 A u x i l i a r y  2tmi 6+mi No Geo log i s t s  say 10tmi t o  3-passes 
Coo l i ng  (Tn 66A) (SOU) s i t e  i s  under- R o g e r s v i l l e  Tenn j u s t  n o r t h  
Req'd l a i n  by l ime -  (pop 4,000t) I l k m i  o f  t he  s i t e  

s tone and sha le  t o  M o r r ~ s t o w n  
Tenn (pop 20,300t) 

(continued) 



E n  O W  ,I-m 

1 4 - 4 4  - J W  
I-=, 

o n  

- 
I-- E T  -r E 

w + 1  w o  
E  c- 

0 7 0  I-0 
w  +I w  +I 

w - 0  
- m I - 0  
? n 0 
' - 0  a m  

n .-.;ss S K  o > n - m  - m  o- 
E V I * , _ W ~  w  m-+ I  O N  0 '7 n +I 

+IL VI 'r 0 r un-0 
m w n  ;ggz . ;g  'r L c o w  n 

E L E N L O  .- E E q  
+ # m a  - m a  E -  E -e--x- ~I I -NU- 

+I o w -  
m u + N  

m  Z 

2 
t; 

Z Z  
n o  I4-U 

I E 
I 

I m  
w  I U O  I 
L .r m  .- 

c m  0 - 0 ' ~ ~  m  Q 

3 .- U E V I ~  
r m  

u 'r .r O 
.r VI 

h V I  W W E w  
7 E 

- a  5 m a  3 -  
7 VI h0 w  

u 5 'r E r n o n  .r w  L .- - 
E '  m ' r  ' C m  

L w  o w n  
W .r E - V I  7 v m ~  m  0 

n L c  w  - w  h . ~  
U uu -  

L L O  u.ru L m  
w  .r m  E .r 

3a.- X L ~ O W  L V Y -  3 m  
uu4J w v  u u  m  O E V I 0 5  

u 'r .- Y- m  



S W a J  
L 3C,n 
m e  m  - 3u 
.r l- ul- 
El- aJ s 

-6- s u o  
m m 4  U 

a J C ,  r 
7 s  -I-' 
n-r L 
a o a h  
t' PC, C, 
QU a - r  
aJ s 3r; 
U a 
U C, m n  
a m s a  



s V) w 
a w  maJ 
Ul- s L 

u r u -4- .r 
S V ) E S  I U J  
a.2 0 ".E: & 

- 4 2  3 2  - 3  L 
-r.rl- U ' t a  
a-  
L - r  ~ O L . ?  

U . C , V ) O  
- a u  aJ V) 

r- - m u  2't*.r.r s a 
3 aJU E - r  0 
S m a L  > L  
mL 0 0 
era a J ' t  3 L ' t  
I n n  O W  n o  

I ? aJ 
't s aJ 
't o*.z s 0 .r 

m u  I u 
? V) 4)- L 
a - r  LID a 
S E - 7  >, 
OW3 r 
'r SUO U 
C,aaJt'C, 
.r L L .r 
u w  
u * . = z  
aaaJ l 

w s  a J u  
0 .r -r .r s 
Z V)-I- a 

r ' t  
a 0 



TABLE 9.2-4 

PRINCIPAL PLANT PARAMETERS FOR THE DEMONSTRATION PLANT ALTERNATIVES 

I!Lls New Pl an t  Hook-on Non-Reheat Hook-on Reheat 

S i t e  C l inch R iver  Widows Creek John Sevier 

Steam Cycle Steam reheat  Non-reheat O i l - f i r e d  reheat  

No. o f  Turbine- 1 
generator Un i t s  

Reactor Thermal 950 
Rat ing (MW) 

O i l  Thermal 
Inpu t  (MW) 

Net E l e c t r i c a l  361 
Output (MW) 

Net Capacity - 
Derat ing (MW)* 

* From normal n e t  f u l l - l o a d  capac i ty  when operated on f o s s i l  b o i l e r s .  



TABLE 9.2-5 

P l a n t  Cost 

SUMMARY OF ECONOMIC COMPARISON OF DIFFERENTIAL COSTS 

OF ALTERNATIVES TO THE CLINCH RIVER BREEDER REACTOR 

S i t e  Devel opment 

Nuclear  Pl a n t  (NSSI)* 

Turb ine Pl  a n t  

Hook-on 

Coo l ing  F a c i l  i t i e s  

Swi t chya rd  

Subto ta l  (1972 $) 

M i l l i o n s  of D o l l a r s  

Widows Creek John Sev ie r  

Five-Year Demonstrat ion Per iod  Operat ion Costs 

Nuclear  Fuel Fabr ica t ion**  0  - 6.0 

Fuel O i l  0  +12.8 

Non-fuel O&M - 1.2 - 1.9 

Subto ta l  - 1.2 + 4.9 

P o t e n t i a l  Power C r e d i t  
a t  3.5 m i l s  

Net Operat ing Costs (1972 $) + 0.7 

Sub to ta l  D i f f e r e n t i a l  Cost -41 .6 

Esca la t i on  Allowance a t  30% -12.5 

To ta l  D i f f e r e n t i a l  Costs (1972 $) -54.1 

* Based on nominal p r e l i m i n a r y  es t imates  p rov ided  by PMC d e r i v e d  
l a r g e l y  f rom proposals  submi t ted  t o  PMC b y  r e a c t o r  manufacturers .  

** Nuclear  f u e l  f a b r i c a t i o n  c o s t  does n o t  i n c l u d e  t he  c o s t  o f  o t h e r  
f u e l  c y c l e  m a t e r i a l s  and se rv i ces  t h a t  w i l l  be p rov ided  b y  AEC; 
t he  d i f f e r e n c e  i n  c o s t  i n d i c a t e d  i s  due t o  t he  sma l l e r  r e a c t o r  
s i z e  a t  John Sevier .  



TABLE 9.2-6 

INTANGIBLE CONSIDERATIONS 

John Sevi e r  Widows Creek C l i nch  R iver  

The f o l l o w i n g  considerat ions cannot be e a s i l y  q u a n t i f i e d  bu t  may have some bear ing on t h e  decis ion:  

Apparent pub1 i c  acceptance (as judged from Excel 1 en t  Quest ionable Good t o  exce l l en t  
i n q u i r i e s  and responses from p u b l i c  and 
c i v i c  o rgan iza t ions)  

Abi 1 i ty t o  accommodate cons t ruc t i on  f o r c e  Poor 
w i thout  major impact on cornun i ty  

F a i r  Good 

Possib le impact on cons t ruc t i on  forces f o r  Minimal Could cause Minimal 
o ther  TVA p r o j e c t s  some p rob l  ems 

w 
TU 
I In te r fe rence  w i t h  o ther  announced TVA R&D None Possib le i n t e r -  None 
P 
Q, pro jec ts  ference w i t h  

stack gas clean- 
i n g  program 

E f f e c t  on power supply c a p a b i l i t y  

A v a i l a b i l i t y  o f  p u b l i c  f a c i l i t i e s  and F a i r  
convenience as a show place 

Possib le s l i g h t  Greatest poten- Possib le s l  i g h t  
d i  sadvantage t i a l  f o r  d i s -  advantage 

r u p t i o n  

Access t o  spec ia l  purpose nuclear  f a c i l i t i e s  F a i r  
and techn ica l  c a p a b i l i t y  a t  AEC f a c i l i t i e s  

Convenience t o  AEC operat ions o f f i c e s  i n  F a i r  
Oak Ridge 

Poor 

Poor 

Poor 

Good 

Excel 1 e n t  

Excel 1 en t 



Convenience t o  TVA Power o f f i c e s  

Convenience t o  TVA K n o x v i l l e  o f f i c e s  

Accommodations f o r  PMC o f f i c e s  

TABLE 9.2-6 (Continued) 

John Sevier  

Poor 

F a i r  

Poor 

Widows Creek 

Good 

Poor 

Poor 

C l i nch  R ive r  

F a i r  

Good 

Good 





Figure 9.2-2 JOHN S E V I E R  S I T E  



F igu re  9.2-3 WIDOWS CREEK S I T E  



Figure  9.2-4 C L I N C H  R I V E R  S I T E  



10.0 PLANT DESIGN ALTERNATIVES 

It must be recognized t h a t  any a c t  o f  man o r  nature has some impact upon 

the  environment. It i s  a l s o  important  t o  note t h a t  a1 though adverse 

impact can be reduced by the  a l l o c a t i o n  o f  a d d i t i o n a l  resources f o r  en- 

v i  ronmental p ro tec t ion ,  t h e  1 aw o f  d imin ish ing  re tu rns  app l ies  t o  the  

resources expended. This p o i n t  was recognized by the  U.S. Congress i n  

enact ing the  Nat ional  Environmental P o l i c y  Act  o f  1969 and was f u r t h e r  

r e i n f o r c e d  by the  U.S. Court o f  Appeals f o r  the  D i s t r i c t  o f  Columbia i n  

1971 i n  the  Ca lve r t  C l i f f s  Decision. A bene f i t - cos t  ana lys is  o f  the 

proposed p r o j e c t  ( t h e  cos t -e f fec t iveness  p o r t i o n  i n  p a r t i  cu l  a r )  b r i ngs  

i n t o  account t h e  environmental aspects o f  the proposed p r o j e c t  and, there-  

fo re ,  a s s i s t s  i n  the  implementation o f  both the l e t t e r  and s p i r i t  of 

the  Nat ional  Environmental Pol i c y  Ac t  o f  1969. 

The benef i  t - c o s t  ana lys is  o f  the C l inch  R iver  Breeder Reactor P lan t  

@ 3 requ i res  a d iscussion o f  the  proposed nuc lear  power s t a t i o n  and a 

comparison o f  t he  proposed s t a t i o n  and i t s  f e a s i b l e  a l t e rna t i ves .  

The environmental e f f e c t s  of a nuc lear  power s t a t i o n  can be associated 

w i t h  the operat ion o f  c e r t a i n  i d e n t i f i a b l e  systems. Thus, a composite 

ana lys is  should incorpora te  a combination o f  these i d e n t i f i a b l e  systems 

each of which has been selected, through eva lua t ion  o f  environmental , 
economic and o the r  costs as the opt imal choice w i t h i n  i t s  category. 

I n  some instances, t he  i n t e r a c t i o n  o f  these systems may be such as t o  

requ i re  t h e i r  s e l e c t i o n  on t h e  bas i s  o f  an opt imal combination r a t h e r  

than on the  bas i s  o f  i n d i v i d u a l  opt imal  systems. The weak p o i n t  i n  

t h i s  form o f  ana lys is  i s  no t  t he  l o g i c  b u t  (1 )  the  a v a i l a b i l i t y  o f  

r e a l i s t i c  data on many o f  t h e  parameters associated w i t h  each o f  the 

systems and (2 )  meaningful quant i  t a t i  ve est imates on importance o f  

environmental changes and t h e  ex ten t  o f  change assignable t o  a p a r t i -  

cu l  a r  a l t e r n a t i v e .  A1 though energy requirements, hardware costs and 

L / economic considerat ions are re1  a t i  ve l y  easy t o  p r e d i c t  , s o c i a l  b e n e f i t s  



and costs, such as the impact upon human h e a l t h  and sa fe ty  and preser- 

va t i on  o f  t he  b i o l o g i c a l  ecosystem, are  n o t  we l l  de f ined and are  

therefore, by necessity,  more sub jec t ive .  

Whenever there  i s  no o b j e c t i v e  method o f  determining b e n e f i t s  o r  costs, 

o r  when e f f e c t s  are h i g h l y  uncer ta in  because o f  the  l ack  o f  bas ic  

understanding and knowledge they s h a l l ,  nonetheless, be i d e n t i f i e d  

and discussed. A l l  r e levan t  knowledge must be inc luded i n  at tempt ing 

t o  come t o  a reasonable judgment. Hence, "bene f i t s "  and "cos ts " .as  

used he re in  are de f ined on a broad scope. .This approach i s  i n  agree- 

ment w i t h  the  phi losophy o f  the  Ca lve r t  C l i f f s  Decision and U.S.A.E.C. 

guide1 i nes. 

To prov ide c o n t i n u i t y  and u n i f o r m i t y  t o  the l o g i c  process through which 

the  a1 t e r n a t i v e s  study f o r  each p l a n t  system i s  conducted, a s i n g l e  

general format f o r  Sect ion 10 i s  employed. A guide t o  i t s  s t r u c t u r e  

appears i n  Table 10.0-1. 



TABLE 10.0-1 

GENERAL OUTLINE FOR SECTION 10.0 

10.X System 

Purpose o f  System 
I d e n t i f i c a t i o n  o f  Selected System 
I d e n t i f i c a t i o n  o f  A l t e r n a t i v e s  

10.X. 1  Descr ip t ion  o f  A1 te rna t i ves  

[A1 1  a1 te rna t i ves  i d e n t i f i e d  above are  described gener ical  ly.] 

10. X .2 E l  im ina t ion  o f  Imprac t ica l  A1 te rna t i ves  

[Any a1 te rna t i ves  t h a t  l a c k  f e a s i b i l i t y  on t h e  basis o f  
techn ica l  , economic, o r  p l  a n t / s i  te-adaptabi 1  i ty  consider- 
a t i ons  a r e ,  i d e n t i f i e d  and t h e  reasons f o r  t h e i r  e l i m i n a t i o n  
given. No f u r t h e r  environmental o r  economic evaluat ions 
are performed f o r  these a1 te rna t i ves  .] 

10. X. 3 Spec i f i ca t i ons  f o r  Reasonabl e  A1 t e r n a t i  ves 

[Those a l t e r n a t i v e s  n o t  e l im inated i n  10.X.2 are i d e n t i f i e d  
and t h e i r  s i  te /p lan t -spec i f i c  design and operat ional  
c h a r a c t e r i s t i c s  a re  presented.] 

10.X.4 Environmental Costs 

[The p o t e n t i a l  environmental costs a re  i d e n t i f i e d  and each 
reasonable a l t e r n a t i v e  evaluated.] 

10.X.5 Economic Costs 

[The economic costs invo lved a re  i d e n t i f i e d  and each reasonable 
a1 t e r n a t i v e  evaluated.] 

10:X. 6  Compari son o f  A1 t e r n a t i  ves 

10. X. 6.1 D i r e c t  Comparison o f  A1 1  Reasonable A1 te rna t i ves  

10.X.6.2 Reasons f o r  Se lec t ion  o f  Chosen System 



10.1 COOLING SYSTEM 

During the operation of any fossil or nuclear-fueled power plant, a 
large portion of the thermal energy of the steam is not converted into 
useful mechanical energy and must be removed as waste heat. Dissipation 
of this excess heat is the function of the cooling system. The environ- 
mental significance of heat rejection and the influence of the processes 
governing it upon the design of other plant systems make the selection 
of the cooling system one of the most important and comprehensive of 
the alternative studies. 

Potential mechanisms for heat rejection from the CRBRP include open and 
recirculating systems involving total and partial use of the Clinch River 
as a heat sink, and evaporative and non-evaporative cooling through the 
creation of arti fi ci a1 waterbodies and employment of cool ing towers. 
Environmental concerns associated with these approaches include the 
effects of thermal discharges on Cl inch River aquatic 1 ife, condensed 
vapor plume formation, ground fog and ice, drift, energy and water con- 
sumption, land use and aesthetics. Selection of a system that reduces 
the. adverse environmental effects to that degree consistent with the 
results of benefit-cost analysis is the desired goal of the cooling 
system alternative study. 

A mechanical draft wet cooling tower, linear cell array, is the selected 
cooling system for the CRBRP. 

Alternative cooling systems considered for the CRBRP are the following: 

1. Once through cool ing ; 

2. Cooling lake; 

3. Spray pond; 

4. Natural draft wet cooling tower; 

5. Mechanical draft wet cooling tower; 



6. Mechanical d r a f t  d r y  c o o l i n g  tower; ard 

7. Mechanical d r a f t  wet /dry  c o o l i n g  tower. 

10.1.1 DESCRIPTION OF ALTERNATIVES 

10.1.1.1 ONCE THROUGH COOLING 

Al though c u r r e n t  apprehension over  t h e  e f f e c t s  o f  thermal d ischarges 

and EPA r e g u l a t i o n s ( ' )  w i l l  severe ly  1  i m i  t i t s  use, once through 

c o o l i n g  remains t h e  s imp les t ,  most economic and most e f f e c t i v e  means o f  

d i s s i p a t i n g  condenser thermal energy. Once through c o o l i n g  employs a  

n a t u r a l  su r face  water  source t o  p rov ide  c o o l i n g  water  on a  non- rec i rcu la -  

t o r y  bas is .  U l t i m a t e  r e j e c t i o n  o f  t h e  t o t a l  hea t  l oad  e x t r a c t e d  f rom t h e  

condenser i s  t o  t h i s  water source. The l a r g e  q u a n t i t i e s  o f  c o o l i n g  

water  r equ i red  necess i t a te  t h e  a v a i l a b i l i t y  o f  a  su r f ace  source o f  such 

s i z e  and cha rac te r  t h a t  s u f f i c i e n t  year-round supply  and a s s i m i l a t i v e  
: ? c a p a c i t y  a r e  assured. 

10.1.1.2 COOLING LAKE 

When once through use o f  a  n a t u r a l  su r face  water  source i s  n o t  p r a c t i c a l  

b u t  ample l and  s u i t a b l e  f o r  impoundment i s  ava i l ab le ,  a  c o o l i n g  l a k e  

i s  an a t t r a c t i v e  a l t e r n a t i v e .  A  c o o l i n g  l a k e  serves as a  heat  s i n k  

and r e s e r v o i r  by p r o v i d i n g  f o r  t h e  b u l k  o f  t h e  d i s s i p a t i o n  o f  condenser 

thermal energy and p e r m i t t i n g  r e c i r c u l a t i o n  o f  c o o l i n g  water. I n  t h i s  

manner, t h e  c o o l i n g  l a k e  and p l a n t  form a  n e a r l y  c losed  water cyc le .  

I n t e r f a c e  w i t h  a  n a t u r a l  water  body i s  needed because blowdown o f  a  

p o r t i o n  o f  t h e  c o o l i n g  l a k e  water  i s  r e q u i r e d  t o  p reven t  excess ive 

accumulat ions o f  chemicals i n  t h e  lake .  Th i s  a c t i o n  necess i t a tes  w i t h -  

drawal o f  makeup water from t h e  n a t u r a l  source as w e l l .  

Heat d ischarged t o  t h e  c o o l i n g  l a k e  i s  u l t i m a t e l y  r e j e c t e d  t o  t h e  atmos- 

phere through t h e  n a t u r a l  processes o f  convect ion,  evapora t ion  and 



radiat ion.  As these energy t rans fe r  modes a re  re la t ive ly  slow acting 

in a l en t i c  environment, t h e 4 s i z e  of cooling lakes must be large,  on 

the order of - > 1 acre  per MWe. 

Cooling lakes a r e  usually man-made impoundments created by damming 

exist ing streams or pumping water in to  su i tab le  basins. Environmentally, 

they of fe r  the  advantages of reduced impact on the  natural water body, 

multiple use potential such as boating o r  f ishing and aes the t ic  a t t rac -  

tiveness. 

10.1.1.3 SPRAY POND 

A modification of the  cooling lake t ha t  may be employed t o  enhance heat 

d iss ipat ion or  reduce land requirements i s  the spray pond. Spraying 

atomizes the warm water increasing i t s  e f fec t ive  surface area and the  

r e l a t i ve  velocity between the water and a i r .  The amount of heat d i s s i -  
pated through evaporation i s  s ign i f ican t ly  increased producing more 

rapid cool ing and higher water consumption. 

In conventional spray ponds, the heated eff luent  i s  pumped from the  

condenser d i r ec t l y  through spray nozzles in to  the pond. A recent 

innovation u t i l i z e s  modular spray uni ts  mounted on f loa t ing  platforms. 

Each modular u n i t  i s  equipped w i t h  a pump for  drawing water from 

beneath the platform. Any number of modules can be employed. This 

system produces be t te r  mixing within the  pond and be t te r  cooling by 

continual respraying of the heated eff luent .  

Current studies indicate  t ha t  a spray pond requires only about f i v e  per- 

cent of the land needed fo r  an equivalent cooling lake. T h u s ,  i t  i s  an 

environmentally a t t r a c t i v e  a l t e rna t ive  where land use i s  limited. How- 

ever, the  use of a spray pond increases the  r a t e  of water consumption 

and the potential f o r  fogging and introduces d r i f t  t o  the  cooling lake 

sys tem . 



/ 

10.1.1 . 4  NATURAL DRAFT WET COOLING TOWER 

A natural draf t  cooling tower i s  designed so that  a natural draf t  i s  
created upward through the tower because of the difference i n  density 
of the warmed a i r  inside the tower and the exterior surrounding a i r .  
The flow rate  i s  proportional t o  the density difference and t o  the tower 
height. Air drawn through the tower i s  contacted with the cooling water, 
which i s  continually redistributed into fine droplets while fa l l ing  
through the tower packing ( f i l l )  t o  provide a large air-water surface 
contacting area. Heat. i s  transferred from the water to  the a i r  by 
sensible convective transport and evaporation. Heat t ransfer  occurs 
as a resul t  of direct contact between the naturally drafted a i r  and the 
recirculating cooling water; thus, the name -- natural draf t  wet cooling 
tower. 

Much of the cooling in a wet tower i s  achieved by the evaporation of a 
portion of the water. The ex i t  a i r  stream, warmed and saturated with 
water vapor, leaves the tower and mixes with the atmospheric a i r .  Ex- 
cess water vapor in th i s  a i r  mixture i s  condensed, forming a plume. In 
addition t o  the water vapor, droplets of water i n  the e x i t  a i r  stream 
can be blown out of the tower as d r i f t .  Tower height i s  increased as 
much as possible to  achieve the greatest a i r  flow; typical natural draf t  
cooling tower heights for  large commercial plants are as much as 500 feet.  
Base diameter for  these structures are almost equal to  the height. 

Formation of a condensed vapor plume under certain meteorological con- 
di t i  ons i s  one of the envi ronmental concerns associated with the natural 
draf t  wet tower. Typically, the tower height reduces the potential 
for  ground fogging. The high level plume, however, does represent a 
possible hazard for  local a i r  t r a f f i c  and an aesthetic intrusion. Other 
environmental concerns for  the natural draf t  tower include s a l t  damage 
t o  foliage as a resul t  of d r i f t  deposition, water consumption due t o  
the evaporative cooling process and the aesthetic impact of the structure 

i 

i i t s e l f .  



Because of the massiveness of the s t ructure,  the natural d ra f t  cooling 
tower i s  expensive to  construct. However, the operating costs are 
relatively low because natural forces are  used to  move the a i r .  The 
necessity to  warm the a i r  to  get drafting causes temperatures in the 

tower to  be greater than might otherwise be desirable. Thus, the degree 
of cooling i s  reduced and the relat ive performance of the turbine gen- 
erator  i s  correspondingly decreased due to  back pressure. This introduces 
a capabi 1 i ty  (electr ical  generating capacity) penalty into the cost of 
the tower. 

10.1 . l .  5 MECHANICAL DRAFT WET COOLING TOWER 

Cooling in a mechanical draf t  wet tower proceeds by the same heat trans- 
f e r  modes described i n  the previous section on the natural draf t  wet 

tower. Air flow, however, i s  mechanically induced by electr ical  ly 
powered fans. Natural drafting is not required and the massive tower 
s ize and attendant structural configuration problems are  reduced. 
Mechanical draf t  towers can be bu i l t  in a relatively compact and 
standardized fashion. 

In a manner similar to  the natural draf t  tower, the. mechanical draf t  wet 
cooling tower consumes large volumes of water, creates a plume and has 

dr i f t ing of water droplets. Because of construction features, the 

mechanical draf t  tower i s  less  expensive to purchase i n i t i a l l y  than the 
natural draf t  tower b u t  the power used to drive the fans causes a sig- 

nif icant  increase in the operational cost. Individual plumes are created 
for  each fan cell  and are exhausted a t  heights of 60 t o  80 fee t  above 
ground level , creating a potential for  local ized ground fogging. 

10.1.1.6 MECHANICAL DRAFT DRY COOLING TOWER 

In areas where water consumption i s  a c r i t i ca l  environmental concern, 
dry cooling becomes a competitive al ternat ive system. The mechanical 
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draf t  dry cooling tower i s  designed fo r  100 percent closed cycle 
cooling with no requirement for  makeup from a natural water body. 

Dry cooling towers dissipate heat by conduction and convection. Heated 
cooling water from the plant 's  condensers i s  pumped through banks of 
finned-tube heat exchanger surfaces. Heat in the water i s  transferred 
t o  the metal walls of the tubing, then t o  a i r  which flows up  through the 
cooling tower, past the tubing and out of the tower. Water and a i r  do 
not come into direct  contact; therefore, water i s  not l o s t  by evapora- 
t ion. Because the heat t ransfer  does not include the la ten t  heat of 
evaporation, dry cooling towers require both greater a i r  flows and 
larger a i r  temperature increases i n  order t o  dissipate the same amount 
of heat as a comparable evaporative cooling system. 

Wet towers rely on an overall enthalpy driving force between water and 
a i r  to t ransfer  heat between phases; dry towers rely on a temperature 

i -\ driving force between the water inside the tubes and the a i r  flowing 
outside. Therefore, the dry bulb temperature of the a i r  i s  the 

theoretical l imit  of cooling wh'ich can be accomplished by dry towers. 

In addition to  eliminating water consumption, the dry cooling tower 
does not produce d r i f t ,  condensed vapor plumes or  thermal discharges. 

However, the non-utilization of evaporative cooling that  resul ts  in the 
above benefits imposes several environmental and economic costs. More 

ce l l s  are required to  dissipate the same heat load by dry cooling than 
are  needed for  wet cooling. Land use and energy requirements ( fo r  fan 
power) are increased. Dry cooling tower cold water temperatures are 
considerably higher than those produced by wet towers; therefore, 
higher capability penalties must be assessed and plant efficiency i s  
reduced. 



10.1.1.7 MECHANICAL DRAFT WETIDRY COOLING TOWER 

An e f fec t ive  way of reducing cooling tower plume formation and, part icu- 
l a r l y ,  the  hazards of fogging and ic ing without resor t ing t o  dry cooling 
i s  the  employment of a standard wet evaporative cooling tower i n  com- 
bination w i t h  a dry heat exchanger system. This hybrid design -- the 
wetldry cooling tower -- modifies the exhaust a i r  condition by u t i l i z i ng  
nonevaporative heat t r ans fe r  t o  handle par t  of the cooling requirement. 
In t h i s  way, supersaturation of the exhaust a i r  stream i s  prevented and 
a v i s ib le  plume i s  not created. 

In the  wetidry tower, finned-tube heat exchangers (dry sect ion)  are  
ins ta l l ed  along w i t h  the  packing (wet sect ion)  of a typical  wet cooling 

. tower, as shown in Figure 10.1-1. Hot water serves as the  tube s i de  
heat exchanger. Dry section cooling i s  inherently l e s s  e f f i c i e n t  than 
wet section cooling. When the  system i s  operated t o t a l l y  dry, o r  a t  
some combination of wetidry, the overall cold water temperature returned 
t o  the plant w i  1 1 be higher than i t  would be f o r  the t o t a l l y  wet mode 
operation. I t  i s  usually not economical, practical  o r  necessary from 
a fog control standpoint t o  design the  system f o r  t o t a l l y  dry operation. 

Plant operation and fog control requirements make i t  practical  and 

economical t o  operate a t  water temperatures above the level t h a t  a 
t o t a l l y  wet section will  produce during cold weather when fog becomes 
a major concern. Usually a design level combination of wetidry cooling 
w i t h  a s ta ted  maximum system cold water temperature can be se lected 
which will  eliminate fog plume problems without ra is ing the cold water 
temperature above a level t h a t  reduces plant  operating eff ic iency.  

Current techno1 ogy favors a combination wetidry system f o r  control 1 i ng 
plume formation. F lex ib i l i ty  i n  the  wetidry system allows fo r  e f f i c i e n t  

evaporative cooling in  the warmer months, combined with a variable 
controlled dry heat exchange section f o r  fog control during cold months. 



The quanti ty of a i r  flow through the  wet and dry sections can be con- 

t r o l l ed  by a feedback system which senses cold water temperature. In 
t h i s  manner, cold water temperature can be maintained a t  an upper l im i t ,  

while evaporation, and t h u s  fogging, i s  kept t o  a minimum. 

In addition t o  i t s  environmental advantage of plume control ,  the  wetldry 

tower o f fe r s  reductions in water consumption and d r i f t  r a t e  compared to  

all-wet cooling. However, winter cold water temperatures a r e  higher 
due t o  the u t i l i z a t i on  of the  dry sections resul t ing i n  a warmer blow- 

down and reduced generating capabi l i ty .  

10.1.2 ELIMINATION OF IMPRACTICAL ALTERNATIVES 

10.1.2.1 ONCE THROUGH COOLING 

The Committee on Power Plant S i t ing  of the  National Academy of Engineering 

has establ ished the  following c r i t e r i on :  "Plants s i t ed  on 1 arge streams 
and using once-through cooling should not use more than 20% of the  low 

water flow of the  stream". Due to  the  unique hydrology of the  Clinch 

River described in Section 2.5, the  low water flow condition i s  ac tual ly  

one of no flow, a s  shown i n  Figure 10.1-2. Under such a condition, the  

condenser heat load could not be adequately diss ipated and the  discharge 

water temperatures would cause s ign i f ican t  impact t o  aquatic l i f e .  Once 

through cooling i s  not, therefore,  a viable a l t e rna t i ve  fo r  the  CRBRP.  

10.1.2.2 COOLING LAKE 

Use of a cooling lake requires su f f i c i en t  land su i tab le  f o r  impoundment. 

Noting t ha t  an e f f i c i e n t  lake system i n  regions of moderate humidity 

must be sized t o  - > 1 acre  per MWe, a 350 to  400 acre  lake would be 

needed fo r  the  CRBRP. Due t o  the  uneven topography of the S i t e ,  a 

lake of t h i s  s i z e  would be subject  t o  extensive fingering with at tendant 

reduction i n  heat d iss ipat ion capabi l i ty  and probable o f f - s i t e  land 
I loss.  T h u s ,  a lake cooling system i s  not an applicable a l t e rna t ive .  

-,' 



10.1.3 SPECIFICATIONS FOR REASONABLE ALTERNATIVES 

10.1.3.1 ' SPRAY POND 

The spray pond cooling system considered fo r  the  CRBRP consis ts  of two 

rectangular channels 80 f e e t  wide and 2,175 f e e t  long and occupies ap- 

proximately e ight  acres of land. A f loa t ing  platform spray system con- 

s i s t i ng  of 54 modular c e l l s  i s  used. Each module i s  self-contained and 

includes pump, water intake and four spray nozzles. Design conditions 

f o r  the  spray pond a r e  given in Tab1 e 10.1-1. 

10.1.3.2 NATURAL DRAFT WET COOLING TOWER 

A s ing le  natural d r a f t  wet cooling tower i s  required fo r  the  CRBRP. 

Dimensions fo r  t h i s  tower a r e  a 310-foot base diameter and a 385-foot 

height. Range and approach a re  both 20 degrees F. Design parameters 

f o r  the  natural d r a f t  tower a r e  presented in  Table 10.1-1. Exhaust 

conditions a r e  depicted i n  Figure 10.1-3. 

10.1.3.3 MECHANICAL DRAFT WET COOLING TOWER 

Two a l te rna t ive  mechanical d r a f t  wet cooling towers a r e  ident i f ied  fo r  

the  CRBRP. They a r e  the  same i n  a l l  respects except i n  tower configur- 

a t ion.  One design u t i l i z e s  the  standard l i nea r  arrangement of tower 

c e l l s  and the  other design incorporates the recent innovation of c i rcu la r  

c e l l  configuration. Circular  design permits a greater  plume r i s e  w i t h  

at tendant reductions i n  ground fog potential  and reci rcula t ion of the 

exhausted a i r  stream. 

Both mechanical d r a f t  towers have a 25 degree F range and 15 degree F 

approach and u t i l i z e  10 c e l l s  i n  a s ing le  tower. Exhaust conditions and 

evaporation r a t e  fo r  these towers a r e  depicted in Figure 10.3-4 and 

10.3-5, respectively. The l inear  tower i s  400 f e e t  long, 55 f e e t  wide 
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and 60 f e e t  h igh.  The c i r c u l a r  tower has a 250-foot diameter base and 

a 60- foot  he ight ,  as shown i n  Table 10.1-1. 

10.1.3.4 MECHANICAL DRAFT DRY COOLING TOWER 

The mechanical d r a f t  d ry  coo l i ng  system considered f o r  the  CRBRP i s  a 

f o u r  tower u n i t  u t i l i z i n g  a t o t a l  o f  82 c e l l s .  Each c i r c u l a r  tower has 

a base diameter o f  245 f e e t  and a he ight  o f  78 fee t .  Required c i r c u l a t i n g  

water f low f o r  the  dry coo l i ng  a l t e r n a t i v e  i s  nea r l y  tw ice  t h a t  o f  t h e  

mechanical d r a f t  wet tower, as seen i n  Table 10.1-1. A H e l l e r  cyc le  

dry  tower,(3) shown i n  Figure 10.1-6, i s  employed. Cold water tenpera- 

tures and exhaust condi t ions f o r  t h e  dry  tower are depicted i n  F ig-  

ures 10.3-7 and 10.3-8, respect ive ly .  

10.1.3.5 MECHANICAL DRAFT WETIDRY COOLING TOWER 

- 

" , 1 Two mechanical d r a f t  wet ld ry  towers are considered f o r  t he  CRBRP; a 

30 percent plume s e v e r i t y  tower and a zero percent s e v e r i t y  tower. Plume 

s e v e r i t y  i s  de f ined i n  F igure 10.1-9 and i s  used t o  i n d i c a t e  the  design 

condi t ions f o r  which no v i s i b l e  plumes are produced. The zero percent 

s e v e r i t y  tower provides t h e  greater  l e v e l  o f  plume cont ro l  . Both o f  

t he  we t ld ry  towers u t i  1  i z e  a c i r c u l a r  conf igura t ion .  Design condi t ions 

f o r  t he  towers are given i n  Table 10.1-1. 

10.1.4 ENVIRONMENTAL COSTS 

10.1.4.1 PLUME FORMATION 

Environmental concerns r e l a t i n g  t o  t h e  formation o f  vapor plumes from 
- evaporat ive coo l i ng  towers inc lude ground fog  and ice ,  plume in te r fe rence  

w i t h  a i r  t r a f f i c  and -aesthet ic  impact. To p r e d i c t  the  magnitude o f  

these p o t e n t i a l l y  adverse e f f e c t s ,  a vapor plume study has been performed 

and i s  inc luded as an appendix t o  t h i s  sect ion.  

\ ' 



10.1.4.1.1 GROUND FOG AND ICE 

Occurrences o f  ground f o g  and i c e  are p red i c ted  f o r  t h e  f i v e  a l t e r n a t i v e  

coo l i ng  towers i n  Appendix 10.1. A summarization o f  t he  p o t e n t i a l  

t o t a l  hours per  yea r  o f  ground fog  a t t r i b u t a b l e  t o  each o f  t he  a l t e rna -  

t i v e s  i s  given i n  Table 10.1-2. Plumes f o r  t he  n a t u r a l  d r a f t  wet tower 

are s u f f i c i e n t l y  e leva ted t h a t  i n t e r c e p t i o n  w i t h  the t e r r a i n  w i  11 n o t  

occur; hence, no ground fogging i s  expected. P o t e n t i a l  fogging hours 

are  the  h ighes t  f o r  t he  mechanical d r a f t  wet tower, l i n e a r  array,' and 

are t h e  lowest f o r  t he  zero percent plume s e v e r i t y  wet/dry tower. 

System s e l e c t i o n  cannot be determined s o l e l y  by fogging p o t e n t i a l  as 

a  major cons idera t ion  r e l a t e s  t o  the  fogging o f  highways, br idges and 

water ways. These are areas of concern where the l o c a l  popu la t ion  may 

be most severely  a f fec ted .  For the  CRBRP v i c i n i t y ,  th ree  po in t s  o f  

i n t e r e s t  are i d e n t i f i e d  f o r  which the  e f f e c t s  o f  fogging pose p o t e n t i a l l y  

s i g n i f i c a n t  environmental costs. These are I n t e r s t a t e  Highway 40 a t  B 
Caney Creek, Ga l l  aher Br idge and t h e  Oak Ridge Nat iona l  Laboratory (ORNL) . 
Each i s  w i t h i n  the  p red i c ted  areas o f  plume i n t e r c e p t i o n  w i t h  the ground 

as shown i n  Tables 10.1A-7 through 10.1A-10. Ground fog  hours per  year  

f o r  these th ree  p o i n t s  of i n t e r e s t  a re  presented i n  Table 10.1-3. For 

a1 1  f o u r  mechanical d r a f t  wet-type towers, ground fog  occurrences a r e  

l i m i t e d  t o  one hour o r  l e s s  per  year. Compared t o  the  occurrences o f  

na tu ra l  fog  i nd i ca ted  i n  Tables 2.6-9 and 2.6-10, t he  small q u a n t i t i e s  

o f  coo l i ng  tower induced fogging a t  I n t e r s t a t e  Highway 40, Gal laher  

Br idge and ORNL a re  i n s i g n i f i c a n t .  Consequently, no subs tan t i a l  environ- 

mental advantage would be gained by any o f  t he  a l t e r n a t i v e s  from the  

v iewpoint  o f  fog  con t ro l .  

The va l l eys  loca ted a long a  SW-NE l i n e  passing through the  S i t e  w i l l  

experience the  l a r g e s t  p o r t i o n  o f  t h e  p o t e n t i a l  f og  hours i d e n t i f i e d  i n  

Table 10.1-2 due t o  the  predominance o f  wind ac t i on  i n  these two d i r e c t i o n s  

as shown i n  Table 2.6-18. As these va l l eys  are l i g h t l y  populated 
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( p a r t i c u l a r l y  t o  t he  nor theas t  which i s  an AEC r e s t r i c t e d  area), fogging 

i s  n o t  expected t o  present  a  s i g n i f i c a n t  environmental concern. Ground 

fog  caused by any o f  t h e  a l t e r n a t i v e  coo l i ng  systems w i l l  n o t  extend t o  

reg iona l  a i r p o r t s  and w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  nav iga t i on  on the  

C l inch  River,  as i nd i ca ted  i n  Sect ion 5.1.8.2. 

10.1.4.1.2 AESTHETIC IMPACT OF PLUMES 

Mean lengths o f  v i s i b l e  plumes f o r  t he  f i v e  coo l i ng  tower a l t e r n a t i v e s  

a re  g iven i n  Table 10.1A-5. These values represent  maximum plume ex ten ts  

as t h e  effects o f  changing weather cond i t ions  t h a t  would tend t o  d i s s i p a t e  

the  plumes a re  n o t  considered. The longest  plumes a re  produced by the  

na tu ra l  d r a f t  tower w h i l e  the  zero percent  plume s e v e r i t y  wet/dry tower 

produces the  sho r tes t  plumes. I n  general, extensive plumes occur du r ing  

days o f  h igh  r e l a t i v e  humidi ty  when na tu ra l  c loud cover i s  t o  be expected. 

Merger o f  coo l i ng  tower plumes w i t h  t h e  c loud cover would be 1  i kely ,  - > p a r t i c u l a r l y  f o r  t he  na tu ra l  d r a f t  tower plumes which r i s e  h igher  than 
/ 

those o f  t he  mechanical d r a f t  towers. 

As t h e  S i t e  i s  loca ted  i n  a  sparsely  populated area, s i g n i f i c a n t  aes- 

t h e t i c  impact i s  n o t  an t ic ipa ted .  The uneven topography o f  the  S i t e  

area w i l l  tend t o  obscure the  f u l l  ex ten t  o f  coo l i ng  tower plumes from 

the  l o c a l  populace. 

10.1.4.2 DRIFT 

D r i f t  depos i t i on  f o r  t h e  f i v e  coo l i ng  tower a l t e r n a t i v e s  a r e  presented 

i n  Table 10.1-4. Highest  d r i f t  depos i t i on  occurs f o r  t h e  mechanical 

d r a f t  wet tower, l i n e a r  array,  w h i l e  t he  lowest  depos i t i on  occurs f o r  

t he  zero percent  plume s e v e r i t y  tower. (No d r i f t  i s  produced by the  d r y  

tower.) D r i f t  depos i t i on  f o r  t he  spray pond would be s i m i l a r  t o  t h a t  o f  

t h e  mechanical d r a f t  tower, l i n e a r  array.  The d r i f t  c a l c u l a t i o n s  i n  

Table 10.1-4 a re  based on h i g h l y  conservat ive assumptions; no tab le  i s  
1 
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the d is regard  f o r  the  d i l u t i n g  e f f e c t s  o f  r a i n f a l l .  Given these assump- 

t i ons ,  the d r i f t  depos i t ions  ca l cu la ted  are ext remely smal l .  D r i f t  

depos i t ion  i s  the  h ighes t  f o r  the mechanical d r a f t  wet tower, l i n e a r  

array;  however, i t  i s  equievalent t o  l e s s  than 0.00007 pounds per  square 

f o o t  per day. D r i f t  depos i t i on  o f  t h i s  magnitude does n o t  pose a  s i g n i -  

f i c a n t  environmental concern, as i n d i c a t e d  i n  Sect ion 5.1.8.3. 

10.1.4.3 WATER USE 

P o t e n t i a l  environmental concerns r e l a t i n g  t o  c o o l i n g  system water use 

i nc lude  entrainment and impingement o f  aquat ic  l i f e  due t o  withdrawal 

from the  C l i nch  River ,  consumption v i a  evaporat ion and d r i f t  losses and 

changes t o  r i v e r  water  qua1 i t y  - and impact on aqua t i c  1  i f e  a r i s i n g  from 

the  blowdown o f  waste heat  and chemicals. None o f  these concerns are 

app l i cab le  t o  the mechanical d r a f t  d r y  tower as i t  i s  designed f o r  a  

100 percent  c losed water  cyc le .  

10.1.4.3.1 WITHDRAWAL 

The c o o l i n g  system u t i l i z e s  t h e  l a r g e s t  p o r t i o n  o f  t h e  CRBRP makeup water 

f l o w  and i s  p r i m a r i l y  respons ib le  f o r  t he  entrainment o f  aquat ic  l i f e .  

As discussed i n  Sect ion 5.1, entrainment losses f o r  t he  mechanical 

d r a f t  wet tower, l i n e a r  a r ray ,  (se lec ted  c o o l i n g  system) a re  n o t  s i g n i -  

f i c a n t  due t o  the  smal l  s i z e  o f  the  makeup f l o w  i n  r e l a t i o n  t o  t he  C l i nch  

River .  A1 though the  n a t u r a l  d r a f t  wet tower requ i res  a  g rea te r  makeup 

f l o w  (0.3% above t h a t  o f  the  mechanical d r a f t  wet towers) and the  w e t l d r y  

towers use l e s s  water  ( ~ 8 %  below the  mechanical d r a f t  wet towers makeup 

f low),  o n l y  marginal d i f fe rences  i n  the magnitude o f  ent ra inment  e f f e c t s  

would e x i s t  among the  a l t e r n a t i v e  coo l i ng  systems (except  f o r  the  d r y  

tower).  

Impingement o f  f i s h  and o t h e r  aquat ic  l i f e  i s  n o t  d i r e c t l y  a  f u n c t i o n  o f  

t he  coo l i ng  system water  requirements b u t  depends p r i m a r i l y  on the  design 



o f  t he  i n t a k e  system. No measurable d i f f e rences  i n  the  magnitude o f  

impingement losses would be a n t i c i p a t e d  among any o f  t he  cool ' ing system 

a l t e r n a t i v e s  t h a t  r e q u i r e  a f l o w  o f  makeup water. 

10.1.4.3.2 WATER CONSUMPTION 

I n  a r i d  regions o f  t he  country, no tab ly  t he  southwest, water use i s  a 

c r i t i c a l  environmental concern. However, i n  t he  southeast and, i n  p a r t i -  

cu la r ,  the  Oak Ridge Tennessee area, ample r a i n f a l l  and a h i g h l y  devel-  

oped system o f  s torage r e s e r v o i r s  ensure abundant freshwater suppl ies. (4)  

Hence, t he  deployment o f  evaporat ive coo l i ng  systems does n o t  i n  general 

c o n s t i t u t e  a s i g n i f i c a n t  environmental c o s t  i n  regard t o  water consump- 

t i on .  

For t h e  CRBRP r e c i r c u l a t i n g  coo l i ng  system, water consumption i s  a very 

smal l  q u a n t i t y  i n  comparison t o  the  t o t a l  annual f l ow  o f  t h e  C l i nch  River .  

The per  day sum o f  evaporat ion, d r i f t  and associated water losses f o r  t he  

mechanical d r a f t  wet tower coo l i ng  system represents on l y  0.2 percent  

o f  the  average d a i l y  discharge o f  Me1 t o n  Hi1 1 Dam (average value f o r  

opera t ing  l i f e  o f  dam t o  da te  can be seen i n  Table 2.5-3). I n  the con- 

t e x t  o f  t he  above d e s c r i p t i o n  o f  reg iona l  water  a v a i l a b i l i t y ,  t h i s  amount 

may be considered negl i g i  b l  e. However, condi t i o n s  o f  no f 1 ow occur i n  

t he  r i v e r  a t  the  S i t e  du r ing  Melton H i l l  Dam zero re lease per iods.  A t  

these times, the  r e l a t i v e  consequence o f  coo l i ng  system water  consumption 

w i l l  increase; however, when compared t o  t h e  storage capac i ty  o f  t he  

Me1 ton  H i  11 Reservoir ,  the  water consumption a t t r i b u t a b l e  t o  the  r e f e r -  

ence c o o l i n g  system represents a n e g l i g i b l e  percentage o f  t h e  r e s e r v o i r  

capaci ty .  

Cool ing system water consumption can be e l im ina ted by the  use o f  d r y  

coo l i ng  towers and decreased s l i g h t l y  by the  deployment o f  a we t ld ry  

tower. However, t h e  foregoing d iscussion i nd i ca tes  t h a t  the  environ- 

mental advantage t o  be gained by a water use savings i s  n o t  s i g n i f i c a n t .  



10.1.4.3.3 BLOWDOWN 

All of the a l t e rna t ive  cooling systems operate on a reci rcula t ing mode 
and, w i t h  the exception of the  mechanical d r a f t  dry tower, u t i l i z e  evap- 
ora t ive  cool i n g  whi ch consumes water. Water l o s t  through evaporation 
d r i f t  and blowdown must be replaced t o  maintain c i rcula t ing flow. Blow- 
down prevents excessive accumulations of chemicals which cause sca le  
formation and corrosion of pipes and equipment. For the CRBRP,  a chemical 
concentration fac tor  of 2.5 wil l  be u t i l i zed .  The cooling system blow- 
down will  contain essen t ia l ly  r i v e r  water w i t h  a l l  chemical consti tuents 
concentrated 2.5 times. 

Thermal Characterist ics 

Thermal discharges a re  a major environmental concern associated w i t h  

power production. The CRBRP u t i l i z e s  a reci rcula t ing o r  closed loop 
cooling system tha t  s h i f t s  primary heat dissipation respons ib i l i t i e s  
from the  natural  water body ( t he  Clinch River) t o  a spec i f i ca l ly  de- 
signed external device. Heat load t o  the  r i ve r  and, consequently, 
thermal impact a re  s ign i f ican t ly  reduced. Each of the cooling system 
a l te rna t ives  operates i n  t h i s  fashion w i t h  the exception of the dry 
cool ing tower which i s  a completely closed-loop system w i t h  no blow- 
down of heated water. 

Blowdown (cold water) temperatures f o r  the  a1 te rna t i  ve cool ing systems 
are presented i n  Figure 10.1-10. The mechanical d ra f t  wet tower pro- 
duces the  coldest blowdown throughout the year. Winter temperatures 
f o r  the natural  d r a f t  wet tower are nearly as low b u t  summer tempera- 

tures are  considerably higher. The spray pond blowdown i s  approxi- 
mately f i ve  degrees warmer than the mechanical d r a f t  wet tower blow- 

down. Cold water temperatures f o r  the  zero percent plume sever i ty  
wetidry tower are  equivalent t o  t ha t  of the  reference system i n  summer 



bu t  dev ia te  i n  w i n t e r  as the  u t i l i z a t i o n  o f  t he  d r y  sec t i on  reduces 

coo l i ng  e f f i c i ency .  The same i s  t r u e  f o r  t he  30 pe.rcent plume sever- 

i t y  wet/dry tower a l  though i t s  blowdown i s  uni formly warmer than t h e  

zero percent  tower. 

As p rev ious l y  noted, the  pr imary environmental concern associated w i t h  

the  discharges of waste heat i s  t he  format ion o f  thermal plumes. A 
discharge plume study has been performed t o  est imate the  s i z e  and 

character  o f  t he  a n t i c i p a t e d  CRBRP thermal mix ing  zones. Th is  s tudy 

i s  based on the  performance o f  t he  selected coo l i ng  system and appears 

as an Appendix t o  Sect ion 10.3. Figures 10.3A-6 through 10.3A-9 o f  

t h i s  appendix i l l u s t r a t e  the  ex ten t  o f  t he  thermal plume format ion 

under var ious  C l inch  R iver  f l o w  cond i t ions .  An examination o f  these 

f i g u r e s  i nd i ca tes  t h a t  t he  s i z e  and temperature d i f f e r e n t i a l  o f  t he  

plumes a re  reduced i n  summer compared t o  w i n t e r  f o r  both f l o w i n g  and 

no-f low r i v e r  cond i t ions .  This  i s  p r i m a r i l y  due t o  the  h igher  pool 

e leva t ions  maintained i n  summer. I n  t he  contex t  o f  t h e  var ious coo l i ng  

system a l t e r n a t i v e s ,  i t  may be i n f e r r e d  t h a t  blowdowns w i t h  e levated 

summer temperatures a re  more e a s i l y  d i ss ipa ted  by the  r i v e r  than those 

w i t h  h igher  w i n t e r  temperatures. Thus, the  c o l d  water temperature 

c h a r a c t e r i s t i c s  o f  t he  wet towers a r e  p re fe rab le  t o  those o f  t he  wet/ 

d ry  towers i n  t h i s  regard. 

Chemical Composition 

Chemical discharges from a1 1 o f  t h e  coo l i ng  system a1 t e r n a t i v e s  ( w i t h  

the  except ion o f  t h e  d ry  tower) w i l l  be nea r l y  i d e n t i c a l  as a l l  have 

the  same chemical concent ra t ion  f a c t o r  and produce s i m i l a r  blowdown 

f l ow  ra tes .  As i nd i ca ted  i n  Sect ion 5.4, chemical discharges by the  

selected coo l i ng  system w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  e i t h e r  water 

q u a l i t y  o r  aquat ic  l i f e  i n  t h e  C l i nch  River.  



10.1.4.4 LAND USE 

The CRBRP S i t e  comprises over 1,300 acres of woodland. I t  i s  not a t  pre- 

sen t ,  nor has i t  been recent ly ,  inhabited o r  u t i l i z ed  ( fo r  farming, 

fo res t ry ,  e t c ) .  Use of a portion of the  1,300 acres f o r  plant  s t ruc-  

tures  does not represent  a s ign i f i can t  land use concern as  the  area has 

f o r  many years been i n  government custody and unavailable t o  the general 

pub1 ic .  

Land requirements f o r  various a l t e rna t i ve  cooling systems range from one- 

half acre  f o r  the  mechanical d r a f t  wet tower (both l i nea r  and c i rcu la r  

configurations) t o  e ight  acres f o r  the spray pond. Land requirements 

f o r  each a l t e rna t i ve  both in terms of acres  needed and percent of S i t e  

area u t i l i z ed  a r e  presented in Table 10.1-5. When viewed in  the  l a t t e r  

perspective, the  land requirement of even the  spray pond (0.6% of S i t e  

acreage) appears small. 

As the development of the  CRBRP S i t e  does not represent  a loss  of pub- 

l i c l y -u t i l i z ed  land, the  acreage required by the cooling system becomes 

a valid land use concern insofar  a s  addit ional  undisturbed woodland area 

within the S i t e  boundaries must be committed. The r e s u l t s ,  shown i n  

Table 10.1-5, indicate  t h a t  t h i s  potential  increase in land consumption 

i s  qu i te  small f o r  any of the  a l t e rna t i ve  systems. 

10.1.4.5 AESTHETIC IMPACT OF STRUCTURES 

The Oak Ridge, Tennessee area i n  which the  CRBRP S i t e  i s  located i s  

characterized by undulating topography. The region's  many ridges wil l  

form a natural ba r r i e r  t o  visual encounters with plant  s t ruc tu res .  Except 

f o r  several residences on the  south shore of the Clinch River across 

from the  S i t e ,  observation of the  plant  wil l  be limited. 

In comparison t o  the  t a l  l e s t  plant  s t ruc tu re ,  the  Reactor Containment 

Building measuring 169 f e e t  above plant  grade, only the natural d r a f t  



tower coo l i ng  a l t e r n a t i v e  presents a  greater  v i s u a l  a t t r a c t i o n .  To 

evaluate i t s  p o t e n t i a l  aes the t i c  impact, f o u r  reg iona l  p o i n t s  o f  r e l a -  

t i v e l y  h igh  popu la t ion  use a re  considered: Me1 ton  H i l l  Dam, Oak Ridge 

Nat ional  Laboratory (ORNL), I n t e r s t a t e  40 and t h e  Gal laher  Bridge. A 

measure o f  v i s u a l  impact a t  each o f  these f o u r  l o c a t i o n s  o f  the  na tu ra l  

d r a f t  tower compared t o  the  reac to r  dome i s  presented i n  Table 10.1-6. 

( A l l  o f  t he  o ther  coo l i ng  system a1 t e r n a t i v e s  a r e  s u f f i c i e n t l y  low i n  

p r o f i l e  t h a t  they a r e  n o t  v i s i b l e  from any o f  these points.)  F ig -  

u r e  10.1-11 dep ic t s  t he  ac tua l  view o f  the  p l a n t  ( w i t h  na tu ra l  d r a f t  

tower coo l i ng  system) from two o f  t he  loca t ions .  

A t  two o f  t he  l oca t i ons ,  I n t e r s t a t e  40 and Melton H i l l  Dam, the  reac to r  

dome i s  n o t  v i s i b l e ;  o n l y  t he  na tu ra l  d r a f t  tower r i s e s  above t h e  h o r i -  

zon. For t h e  o ther  loca t ions ,  t he  he igh t  o f  p l a n t  above the  hor izon i s  

increased by over 200 fee t  due t o  the  presence o f  t he  tower. C lear ly ,  

t h e  na tu ra l  d r a f t  tower would have a  s i g n i f i c a n t  e f f e c t  on p l a n t  v i s i -  

1 b i l i t y  as seen i n  F igure  10.1-11. The t r a n s l a t i o n  o f  t h i s  e f f e c t  i n t o  

a  measure o f  adverse aes the t i c  impact i s ,  o f  necessi ty ,  a  sub jec t i ve  

process h e a v i l y  dependent on value judgements t h a t  a r e  n o t  w e l l  known. 

It i s  poss ib le  t h a t  a  na tu ra l  d r a f t  tower cou ld  be viewed as a  des i rab le  

landmark. However, i n  view o f  h i l l y  t e r r a i n  and genera l l y  r u r a l  f l a v o r  

o f  t he  region, t he  p r o j e c t i o n  o f  concrete s t ruc tu res  above t r e e - l i n e d  

r i dges  must be considered an environmental i n t r u s i o n  r a t h e r , t h a n  asset. 

Only the  na tu ra l  d r a f t  c o o l i n g  tower poses a  s i g n i f i c a n t  aes the t i c  con- 

cern. The v i s i b i l i t y  o f  t he  remaining a l t e r n a t i v e s  i s  l i m i t e d  t o  the  

area across the  r i v e r  from the  S i te .  For t he  few people l i v i n g  the re  

t h e  spray pond might  present  a  more a t t r a c t i v e  s i g h t  than coo l i ng  towers; 

however, t h i s  advantage f o r  t he  spray pond i s  l o s t  when reg iona l  p o i n t s  - 
o f  h igher  popu la t ion  u t i l i z a t i o n  a re  considered. 



10.1.5 ECONOMIC COSTS 

10.1.5.1 EFFECTS ON PLANT POWER PRODUCTION 

In a rec i rcula t ing cooling system, economics prevent the  attainment of 

turbine  back pressures s imi lar  t o  t h a t  of once through systems. As a 

consequence, 1 osses i n  generating capabi 1 i t y  a r e  incurred. 

Auxiliary power requirements by the  cooling system can be qu i te  high, 

as seen i n  Table 10.1-7. T h i s  i s  t rue  f o r  mechanical d r a f t  towers where 

large  horsepower fans a r e  u t i l i z ed  t o  induce a i r  movement. Modular 

spray ponds a r e  a l so  high energy users as  e l e c t r i c a l  pumps a r e  employed 

t o  force water through the  banks of nozzles. 

The combined e f f ec t s  of capab i l i ty  losses  and energy requirements pro- 

duce var ia t ions  i n  plant  net  output of e l e c t r i c i t y  among the  a l t e rna t i ve  

cooling systems. Annual average net  output f o r  each of the  a l t e rna t i ve s  

i s  presented in Table 10.1-7. Di f fe ren t ia l s  among a l l  a1 ternat ives  

except the dry tower a r e  within a range of 3 MW.  Compared t o  the  reference 

mechanical d r a f t  wet tower, dry cooling imposes a 13.6 MW d e f i c i t  on 

the  CRBRP.  

10.1.5.2 MONETARY COSTS 

The determination of monetary cos t s  i s  based on the economic fac to rs  

l i s t e d  i n  Table 10.1-8. Monetary cos t s  f o r  the  cooling system al terna-  

t i ve s  a r e  presented i n  Table 10.1-9. These a r e  present worth values and 

a r e  expressed in incremental fashion with the mechanical d r a f t  wet tower, 

l i nea r  a r ray ,  as the  base. 

A comparison of t o t a l  cos t  f o r  eac-h system shows the mechanical d r a f t  

wet tower, 1 inear  a r ray ,  t o  be the l e a s t  expensive cooling system a1 t e r -  

native.  The natural d r a f t  tower, both wetidry towers and the  spray pond 



a r e  w i t h i n  a  range o f  $2.0 t o  2.5 m i l l i o n  h igher  i n  cost.  By f a r  t he  

most expensive system i s  d r y  coo l i ng  w i t h  a  $15.5 m i l l i o n  p r i c e  increase 

over t h a t  o f  t he  mechanical d r a f t  wet tower. 

10.1.6 COMPARISON OF ALTERNATIVES 

10.1.6.1 DIRECT COMPARISON OF REASONABLE ALTERNATIVES 

A summary o f  the  environmental and economic cos ts  f o r  t he  coo l i ng  system 

a1 t e r n a t i v e s  i s  presented i n  Tab1 e  10.1 -1 0. The lowest  economic cos ts  

a r e  r e a l i z e d  by the  mechanical d r a f t  wet tower, 1  inear  array.  As cap- 

su l i zed  i n  t he  Table 10.1-10 and d e t a i l e d  i n  Sect ion 5.1, i t s  environ- 

mental cos ts  a re  n o t  s i g n i f i c a n t .  

Improved c o n t r o l  over atmospheric re leases i s  t he  pr imary environmental 

advantage o f f e r e d  by t h e  c i r c u l a r  a r r a y  mechanical d r a f t  wet tower, na t -  

: 1 u r a l  d r a f t  wet tower and both we t id ry  towers. The marginal reduc t ions  

i n  ground fogging and d r i f t  depos i t i on  a t t r i b u t a b l e  t o  the  c i r c u l a r  a r r a y  

design a r e  n o t  o f  s u f f i c i e n t  magnitude t o  j u s t i f y  t he  system's h igher  

economic cost .  Although the  na tu ra l  d r a f t  tower e l im ina tes  ground fog- 

g ing  and produces the  l e a s t  d r i f t  o f  t he  wet-type systems, g reater  plume 

lengths, h igher  blowdown temperatures and increased p l a n t  v i s u a l  impact 

counterbalance these p o s i t i v e  features.  Consequently, the  $2.1 9 m i  11 i o n  

a d d i t i o n a l  system's c o s t  i s  n o t  o f f s e t  by a  c l e a r  environmental advan- 

tage over the  mechanical d r a f t  wet tower, 1  i nea r  array.  Reductions i n  

bo th  ground fogging and plume ex ten t  a r e  o f f e r e d  by the  we t id ry  tower 

a l t e r n a t i v e s ;  however, w i n t e r  blowdown temperatures a re  s u b s t a n t i a l l y  

increased. As the  p red i c ted  ground fog  hours f o r  the  l i n e a r  a r ray  mechan- 

i c a l  d r a f t  wet tower a r e  n o t  s i g n i f i c a n t  i n  r e l a t i o n  t o  reg iona l  occur- 

rences o f  na tu ra l  fogging, t he re  i s  no o v e r r i d i n g  i n c e n t i v e  t o  absorb the  

o f f s e t t i n g  environmental disadvantage and h igher  economic cos ts  associated 

w i t h  the  we t id ry  towers. 



Spray pond performance i s  s i m i l a r  t o  t he  mechanical d r a f t  wet tower, 

l i n e a r  array.  I t s  environmental cos ts  a re  rough ly  equ iva len t  w i t h  a 

p o t e n t i  a1 advantage i n  plume fo rma t i  on counterbalanced by h igher  blow- 

down temperatures and a l a r g e r  land  area requirement. Economic c o s t  f o r  

t h e  two systems i s  t h e  dec id ing  f a c t o r  as a $2.52 m i l l i o n  p r i c e  inc rease 

and 3 MWe c a p a b i l i t y  p e n a l i t y  a re  assessed aga ins t  t h e  spray pond a l t e r -  

na t ive .  

The lowest  environmental cos ts  a re  r e a l i z e d  by t h e  mechanical d r a f t  d r y  

tower. As t h i s  system i s  designed f o r  c losed c y c l e  operat ion, no make- 

up water i s  normal ly  requ i red  and no vapor plumes, d r i f t  o r  blowdown 

a re  produced. Land requirements a r e  increased, however, as many more 

c e l l s  a re  requ i red  t o  d i s s i p a t e  t h e  p l a n t  heat  l oad  by d r y  mechanisms 

than a r e  needed f o r  t h e  wet towers. Economic cos ts  f o r  t h e  d r y  tower 

a re  subs tan t i a l  as a 13.6 MWe c a p a b i l i t y  p e n a l i t y  and $15.5 m i l l i o n  

p r i c e  increase over t h e  l i n e a r  a r r a y  mechanical d r a f t  wet tower a re  i n -  

curred. The burden o f  these economic cos ts  would have t o  be o f f s e t  by 

s i g n i f i c a n t  reduc t ions  i n  environmental impact. However, as t h e  mechan- 

i c a l  d r a f t  wet tower, l i n e a r  a r ray ,  does n o t  represent  a s i g n i f i c a n t  

environmental concern, t he  d r y  tower economic cos ts  a re  n o t  j u s t i f i e d .  

10.1.6.2 REASONS FOR SELECTION OF CHOSEN SYSTEM 

The selected c o o l i n g  system f o r  t he  CRBRP i s  t h e  mechanical d r a f t  wet 

tower, l i n e a r  array,  shown i n  F igure  10.1-12. I n  c o n t r a s t  t o  once 

through coo l ing ,  i t  prov ides s i g n i f i c a n t  p r o t e c t i o n  from t h e  adverse 

environmental e f f e c t s  o f  thermal discharges. It i s  economical ly p r e f e r -  

ab le  to ,  and envi ronmenta l ly  compe t i t i ve  w i th ,  b t h e r  r e c i r c u l a t i n g  mode 

c o o l i n g  systems and w i l l  n o t  have any s i g n i f i c a n t  environmental cos ts  

associated w i t h  i t s  operat ion.  



TABLE 10.1-1 

DESIGN CONDITIONS FOR THE COOLING SYSTEM ALTERNATIVES 

Circ .  Water Flow 
(1,000 gpm) 

Range (OF) 

Approach (OF) 

Evaporation (gpm) 

D r i f t  (gpm) 

Makeup (gpm) 
Blowdown (gpm) 

A 

0 Tota l  Heat Duty 
d 

I (*) 
N 

Mechanical D ra f t  Mechanical D r a f t  
Wet Tower Wet/Dry Tower 

Natural  D ra f t  Mechanical D r a f t  30% Plume 0% Plume 
Spray Pond Wet Tower L ine Array C i r c l e  Array Dry Tower Sever i ty  Sever i ty  

. - 
IU No. o f  c e l l s  54 1 

49.1 2,650 

NO. o f  towers NA+ 1 

Tower s i ze  ( f e e t )  Channel s ize  385 high 
2 passes each 310 base 
80'  wide, 
2,175' long 

No. o f  concentrations 2.5 2.5 
6 A i r f low,  10 cfm N A+ 14 

400 

13.25 

28 t o  dry  bulb 

0 

0 
** 
** 

2,650 

21 2 

2 5 

15 

3,900* 

1 oo* 
6,500* 

2,500* 

2,650 

1 1 4 1 1 

400 long 240 diam 245' diam 340 diam 425 diam 
60 high 60 high 78' h igh 65 h igh 65 h iqh 
55 wide 

*Annual average quant i t ies .  Summer operat ion w i l l  have the same values as the wet tower. Winter operat ion w i l l  have lower values. 

**Almost zero dur ing normal operation; does not  include pe r i od i c  c leaning 

+Not app l icab le  



Horizontal V i s i b i l i t y  
Through Fog (mi les)  

TABLE 10.1-2 

GROUND FOG POTENTIAL FOR COOLING TOWER ALTERNATIVES* 

( F o g  i n  hrs/yr) 

Natural Draft  
Wet Tower 

*Based on Tables 10.1A-7 through 10.1A-10 

Mechanical Draft  
Wet Tower 

Linear Array Circular  Array 

Mechanical Draft 
Wet/Dry Tower 

30% Plume 0% Plume 
Sever i ty  Severity 

Mechanical Draft 
Dry Tower 



TABLE 10.1-3 

GROUND FOG FOR THREE POINTS OF INTEREST I N  ME CRBRP S I T E  V I C I N I T Y *  

Ground Fos ( i n  hours/year)  

D is tance  f rom D i r e c t i o n  f rom H o r i z o n t a l  V i s i b i l i t y  
P o i n t  o f  I n t e r e s t  CRBRP ( m i l e s )  CRBRP - Through Fog ( m i l e s )  

I n t e r s t a t e  40 
@ Caney Creek 1.1 SSE 

G a l l a h e r  B r idge  1.6 NW 

ORNL 

Mechanical Mechanical 
Wet Tower Wet lo ry  Tower 

30% Plume 0% Plume 
L i n e a r  A r ray  C i r c u l a r  Array S e v e r i t y  S e v e r i t y  

*Based on Table 10.1A-12 
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TABLE 10.1-8 

ECONOMIC FACTORS 

Annual F i xed  Charge 11 Percent  

Capabi 1 i ty  Cost $3381 kw 

P l a n t  L i f e  30 years 

Fuel Cost $0.00161/kw Hr. 

Average Capaci t y  Fac to r  68.5 Percent  



TABLE 10.1-9  

F i xed  Costs 

Condenser Tube 
Cost and I n s t a l l a t i o n  

Condenser S h e l l  
and E r e c t i o n  

C i r c u l a t i n g  Water 
Pumps and Motors 

Cool i ng Tower 

Excavat ion  

T o t a l  F i x e d  Costs 

ECONOMIC COSTS FOR THE COOLING SYSTEM ALTERNATIVES 

ALL  COSTS ARE MILLIONS OF DOLLARS ON A DIFFERENTIAL BASIS 

V a r i a b l e  Costs 

C a p i t a l i z e d  Fuel  Costs 

T o t a l  C a p a b i l i t y  Cost 

T o t a l  V a r i a b l e  Costs 

T o t a l  F i x e d  and 
V a r i a b l e  Costs 

Mechanical D r a f t  
Na tu ra l  D r a f t  Wet Tower 

Spray Pond Wet Tower L i n e a r  - C i r c u l a r  

Base Base 

0.0 0.18 Base Base 

0.0 0.17 Base Base 

(1.32) 2.02 Base 0.50 

2.32 0.0 Base Base 

0.91 2.53 Base Base 

0.23 (0 .05)  Base Base 

1.38 (0.29) Base Base 

1.61 (0.34) Base Base 

2.52 2.19 Base 0.50 

Mechanical D r a f t  
~ e t / ~ r y - ~ o w e r  

Mechanical D r a f t  30% Plume 0% Plume 
Dry Tower S e v e r i t y  S e v e r i t y  
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AIR FLOW OUT 

f r  

COLD 
WATER- 1 + BASIN 

SERIES WET/ DRY TOWER 

AIR FLOW IN 

AIR FLOW IN  

VVLY 

WATER- BASIN I 
PARALLEL WET/ DRY TOWER 

Figure 10.1-1 THE MECHANICAL DRAFT WETIDRY COOLING TOWER 



THE O/o OF TIME OF WHICH THE GIVEN VALUE IS EQUALLED OR EXCEEDED' 

F igu re  10.1-2 FLOW CONDITIONS I N  CLINCH RIVER 



NATURAL DRAFT 
.WET TOWER 

T WET BULB, OF 

AMBIENT 

Figure 10.1-3 EXHAUST CONDITIONS FOR THE NATURAL DRAFT WET TOWER 



0 10 20 30 40 50 60 70 80 90 100 

T WET BULB AMBIENT, O F  

F i g u r e  10.1-4 EXHAUST CONDITIONS FOR THE 
MECHANICAL DRAFT WET TOWER 



T WET BULB, 'F 

Figure  1 0 . 1 - 5  EVAPORATION RATES FOR THE 
MECHANICAL DRAFT WET TOWER 



48" 
CIRCULATING 

WATER PUMPS I 
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CONDENSER 

1 1 0 2 ~ ~  

TURBINE 
AUXILIARY 
COOLING 

Figure 10.1-6 HELLER CYCLE DRY COOLING  TOWER'^) 



T DRY BULB, OF 

Figure 10.1-7 COLD WATER TEMPERATURE FOR THE 
MECHANICAL DRAFT DRY TOWER 



DRY TOWER 

T DRY BULB, O F  
AMBIENT 

Figure  10.1-8 EXHAUST CONDITIONS FOR THE 
MECHANICAL DRAFT DRY TOWER 



PSYCHOMETRIC CHART 

SATURATION LINE 

SUPER SATURATED 
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AMBIENT A 
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0 

SEVERIT 7 TB -TA WB -W, 

Figure 10.1-9 DEFINITION OF PLUME SEVERITY 
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Figure 10.1-1 0 BLOWDOWN TEMPERATURES FOR THE EVAPORATIVE 
COOLING SYSTEM ALTERNATIVES 

10.1-41 





F igu re  10.1-12 SELECTED COOLING SYSTEM--MECHANICAL DRAFT WET TOWER 

FROM SECONDARY SENVICES 
18" &osED COollNG WATER 

- - -  ( 7 5 0 0  GPM) 
78"  

4 

\ I 

- 

1 FROM NORWL PLANT 
SERVICE WATER TO COND_ENSER WINTER START- UP 

BY-PASS LINE (25.000 GPM) 
:ANTI FOULING SY 

(INTERLOCK WITH PUMP) 0 0 

MOTOR CONTROL 

WOLlNG TOWER W I N  TYPICA$ 4 PLACES 
- - - - HOT 

PUMP HOUSE -vNk 
> ,  

STOP LOG 
(TYP) 48"  1 

> : 
1 CONDENSER 
I AIR 

48" EXTRACTION 

SURFACE 
CONDENSER 

PUMP 
SYSTEM 

HOUSE 

COLD 
I I 

>10@09 CIRCULATING WATER 
PUMPS 

I - -  - 

VELOCITY ' 7FTISEC 
( 9 3 , 5 0 0  GPM) 

TO S E ~ E R V I C E S  ,PH CONTROL 
7F CLOSED COOLING WATER CHLORINE FEEDER 

( 7 5 0 0  GPM) BLOWDOWN TO -M CHLORINATOR 

M K E - U P  FROM TO NORMAL PLANT CLINCH RIVER - 78" 

RIVER WATER SYSTEM SERVICE WATER (2700 GPM) - - .  . - -  - 1 
( 7 0 5 0  GPM) ( 2 5 P 0 0  GPM) 

- 
72" 
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10.2 INTAKE SYSTEM 

Makeup water from t h e  C l i nch  R ive r  w i l l  be requ i red  on a  cont inuous 

bas is  du r i ng  normal opera t ion  o f  t he  CRBRP. I t  i s  t h e  f u n c t i o n  o f  t h e  

i n t a k e  system t o  t r a n s p o r t  r i v e r  water t o  t h e  p l a n t  proper  and t o  per- 

form such pret reatment  as may be requ i red  f o r  t h e  p r o t e c t i o n  o f  equip- 

ment. This  l a t t e r  f u n c t i o n  i s  accomplished by screening devices t h a t  

prevent  t h e  passage of l a r g e  ob jec t s  t h a t  cou ld  damage c o o l i n g  system 

components. 

I t  i s  t h i s  screening requirement t h a t  i s  respons ib le  f o r  t h e  most impor t -  

a n t  environmental  concern associated w i t h  t h e  i n t a k e  system -- entrapment 

and impingement o f  f i s h .  Other environmental e f f e c t s  o f  t he  i n t a k e  

system inc lude  entrainment o f  aquat ic  organisms (a1 though t h i s  i s  p r i -  

m a r i l y  c o n t r o l l e d  by t h e  design and water requirements o f  t h e  coo l i ng  

system), cons t ruc t i on  e f f e c t s  and t h e  a e s t h e t i c  impact o f  t h e  s t r u c t u r e  

' 1  i t s e l  f. 

The i n t a k e  system f o r  t he  CRBRP has been se lec ted  t o  reduce adverse 

environmental impact t o  t h a t  degree cons i s ten t  w i t h  t h e  need f o r  an 

un in te r rup ted  water supply  and the  resu l  t s  o f  benef i  t - c o s t  ana lys is .  

A  p e r f o r a t e d  p ipe  i s  t h e  se lec ted  system f o r  t h e  CRBRP. 

A1 t e r n a t i v e s  considered f o r  t h e  CRBRP i ntake system are: 

1. Conventional t r a v e l i n g  screens; 

2. T rave l i ng  screens mounted a t  angle t o  f low;  

3.  Sing le  entry-double e x i t  t r a v e l i n g  screens; 

4. Hor i  zon ta l  screens ; 

5. Louver system; 

6. E l e c t r i c  screens; 



7. Bubble, sound and l i g h t  b a r r i e r s ;  

8. Per fo ra ted  pipe; and 

9. I n f i l t r a t i o n  bed. 

10.2.1 DESCRIPTION OF ALTERNATIVES 

10.2.1 .1 CONVENTIONAL TRAVELING SCREENS 

The most commonly employed mechanical screening device i n  use today i s  

the  convent ional t r a v e l i n g  screen. This i n t a k e  system i s  h i g h l y  r e l i a b l e ,  

app l i cab le  t o  a  wide v a r i e t y  o f  screening s i t u a t i o n s ,  f a i r l y  i n s e n s i t i v e  

t o  f l u c t u a t i n g  water l e v e l s  and w e l l  standardized i n  terms o f  components. 

I t  does not,  however, p rov ide  any mechanisms s p e c i f i c a l l y  d i r e c t e d  a t  

f i s h  p ro tec t i on .  I t  i s  inc luded i n  t h i s  a l t e r n a t i v e  study t o  represent  

t h e  bas ic  t r a v e l i n g  screen concept t h a t  i s  a l so  u t i l i z e d  by in takes t h a t  

do possess f i s h  p r o t e c t i o n  mod i f i ca t i ons  and t o  p rov ide  a  r e a d i l y  iden-  

t i f i a b l e  base syst,em t o  which the  o the r  a1 te rna t i ves  can be compared. 

A  t y p i c a l  convent ional t r a v e l i n g  screens i n t a k e  i s  depicted i n  F ig-  

ure 10.2-1. Makeup water pumps loca ted  i n  bays a t  the  r e a r  o f  t he  

s t r u c t u r e  draw water f i r s t  through t r a s h  bars and then through the  

t r a v e l i n g  screens. The t rash  bars prevent  the passage o f  l a r g e  ob jec ts  

such as logs and cans t h a t  might  damage the  screens. A  mechanical rake 

i s  usua l l y  prov ided t o  p e r i o d i c a l l y  remove debr is  from the  bars. The 

screens are pos i t i oned  d i r e c t l y  behind t h e  bars and perpendicular  t o  t he  

incoming f l ow  o f  water. Mounted on sprockets a t  the  bottom and top 

(deck l e v e l  ) o f  t he  s t ruc tu re ,  the screens form a  continuous band which 

r o t a t e s  v e r t i c a l l y .  Only the  bottom h a l f  o f  the  screen i s  usua l l y  

submerged. Objects g reater  i n  s i z e  than the screen mesh (normal ly  

318 i nch)  a re  re ta ined  on the  f r o n t  face. Debris removal i s  accomplished 

by r o t a t i n g  the  screens u n t i l  t he  a f f e c t e d  p o r t i o n  i s  a t  deck l e v e l  

where h igh  pressure water j e t s  cleanse the screen and depos i t  the  debr is  
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i n  troughs f o r  l and  d isposal .  T rave l i ng  screens can be operated i n t e r -  

m i t t e n t l y  o r  cont inuously  w i t h  e i t h e r  manual o r  automatic c o n t r o l .  

10.2.1.2 TRAVELING SCREENS MOUNTED AT ANGLE TO FLOW 

A m o d i f i c a t i o n  o f  t h e  convent ional i n t a k e  t h a t  does prov ide  f i s h  protec-  

t i o n  mechanisms i s  the  t r a v e l i n g  screens mounted a t  an angle t o  the  

f low.  This  i n t a k e  system i s  i l l u s t r a t e d  i n  F igure 10.2-2. 

Trash bars and rakes f o r  t he  angle-mounted screens i n t a k e  a re  i d e n t i c a l  

i n  f unc t i on  and l o c a t i o n  w i t h  those of the convent ional system. The 

v e r t i c a l  t r a v e l i n g  screens, however, a re  pos i t ioned a t  an angle t o  the  

f l ow-o f  incoming water. A t  one end o f  the  screens, a f i s h  escape channel 

w i t h  a s s i s t  pump and r e t u r n  p ipe  t o  the  r i v e r  i s  provided. 

The angle-mounting innovat ion  causes the water  f l ow  t o  change d i  r e c t i  on 

' )  a t  the screens. This  creates a v e l o c i t y  component p a r a l l e l  t o  the  screen 

face which ass i s t s  i n  d i r e c t i n g  f i s h  i n  imminent danger o f  impingement 

i n t o  the  escape channel where the  f i s h  pump can t r a n s f e r  them s a f e l y  

back t o  the waterway. 

10.2.1 . 3  SINGLE ENTRY -DOUBLE EXIT (PASSAVANT) SCREENS 

A more advanced f i s h  p r o t e c t i o n  mechanism i s  a by-pass system incorpora ted  

i n t o  the standard s i n g l e  entry-double e x i t  (Passavant) t r a v e l  i n g  screen. 

As shown i n  F igure 10.2-2, f i s h  en te r i ng  the i n take  can proceed w i thou t  

change i n  d i r e c t i o n  i n t o  an escape passage loca ted d i r e c t l y  behind the 

screens. This sytem permi ts  l e t h a r g i c  f i s h  (such as-might  be encountered 

du r ing  the w i n t e r  months) t o  be c a r r i e d  t o  sa fe ty  as a swimming response 

i s  n o t  requ i red  by the f i s h .  

The key t o  the Passavant i n take  i s  the  screen mounting p o s i t i o n .  Screen 

faces are p a r a l l e l  t o  the incoming f l ow  and water passes from the i n s i d e  
1 



of the screen band to the outside. The f ish escape channel 1 ies direct ly  
ahead of any f i sh  approaching the screens. A f i sh  pump and return pipe 
safely transport the f i sh  to the waterway. 

The Passavant screening concept has had wide application in Europe 
a1 though i t  i s  rare in the United States ; however, the particular 
design described above has not been previously used b u t  can be bui l t  
using proven and avai 1 able components. 

10.2.1.4 HORIZONTAL TRAVELING SCREENS 

One of the most promising screening concepts designed specif ical ly  for  
f i sh  protection i s  the horizontal traveling screen. I t  functions by 
inducing a swimming response in the fish which will direct ly  lead to  
the i r  removal from the intake and safe return to  the waterway. 

Fish protection features of the horizontal traveling screen are i l l u s -  
trated i n  Figure 10.2-2 and resemble those of the vertical screens 
mounted a t  an angle to  the flow, see Section 10.2.1.2, with one important 
exception. The screens travel horizontally in the direction of the 
f ish bypass channel. In operation, f ish encountering the screen orient 
themselves perpendicular to  i t  and attempt to  escape. The screens, 
rotating a t  much higher speeds than conventional ones, create a strong 
velocity component parallel  to  the i r  faces which sweeps the f i sh  into 
the bypass channel. Fish tha t  do become impinged on horizontal screens 

are  not subject to  as great a holding force as tha t  typical to  vertical  
screens and are more l ikely t o  free themselves. 

Horizontal traveling screens were developed in the Pacific Northwest and 
have proven very effective in reducing impingement losses. To date the i r  
use has been limited to  experimental applications as the high degree of 

component r e l i ab i l i t y  required for  commercial introduction has not as yet 
been demonstrated. 



I 

10.2.1.5 LOUVER SYSTEM 

The nex t  t h r e e  systems t o  be descr ibed i n  Sect ions 10.2.1.5, 10.2.1.6 

and 10.2.1.7 a re  n o t  i n takes  b u t  b a r r i e r s  t h a t  a re  p laced ahead o f  con- 

ven t iona l  i n t a k e  s t r u c t u r e s  t o  dissuade f i s h  from e n t e r i n g  them. Each 

u t i l i z e s  an ex te rna l  s t imu lus  t o  induce a  behaviora l  response i n  t he  

f i s h .  The l ouve r  system i s  based on t h e  w e l l  demonstrated tendency o f  

f i s h  t o  avo id  abrup t  changes i n  f l o w  d i r e c t i o n  and v e l o c i t y .  

The p r i n c i p l e  of t he  l o u v e r  behaviora l  b a r r i e r  i s  i l l u s t r a t e d  i n  F ig -  

u re  10.2-3. Louver panels are pos i t i oned  perpend icu la r  t o  the  water  

f low and form a  l i n e  a t  a  sharp angle across the  i n t a k e  entrance channel. 

As the  water  f l o w  s t r i k e s  the  b a r r i e r ,  i t s  speed and d i r e c t i o n  changes. 

F i sh  w i l l  n o t  w i l l i n g l y  pass across such a  b a r r i e r ;  i ns tead  they o r i e n t  

themselves a t  r i g h t  angles t o  i t . The v e l o c i t y  component p a r a l l e l  t o  

the  louvers  a s s i s t s  i n  d i r e c t i n g  the  f i s h  t o  the  bypass channel and 
' >  s a f e l y  away from the  i n take .  
\ ,I 

Incoming water  v e l o c i t y ,  water  l e v e l  and the  s i z e  o f  the  f i s h  are 

c r i t i c a l  parameters t o  the success o f  the l ouve r  system. As such, the  

design of the  b a r r i e r  i s  n o t  s tandard ized b u t  must be custom-ta i lored t o  

each a p p l i c a t i o n .  Conventional t r a s h  bars and screens are requ i red  as 

the  l o u v e r  system performs no debr is  r e t e n t i o n  o r  f i l t e r i n g  func t ion .  

10.2.1 .6 ELECTRIC SCREENS 

The use o f  e l e c t r i c i t y  t o  in f luence f i s h  behavior i s  w e l l  known. The 

e l e c t r i c  screen produces a  c u r r e n t  f i e l d  which repe l s  f i s h  and can be 

u t i l i z e d  t o  prevent  t h e i r  entrance i n t o  an i n t a k e  s t r u c t u r e .  

An e l e c t r i c  f i s h  fence behav io ra l  b a r r i e r  i s  shown i n  F igure  10.2-3. 

F i s h  swimming towards the  screen are  repulsed and r e t r e a t .  Several 

at tempts t o  reapproach the  b a r r i e r  may be made be fore  the  f i s h  begin t o  
\ 

i 1' 
move along the  edge of the  c u r r e n t  f i e l d  and i n t o  the  bypass channel. 



To date, the  e l e c t r i c  screen has been u t i l i z e d  p r i m a r i l y  f o r  the  d i ve rs ion  

o f  upstream mig ra t i ng  f i s h  such as salmon. I n  t h i s  mode, danger o f  

e l e c t r o c u t i o n  i s  reduced because stunned f i s h  w i l l  f l o a t  back downstream 

r a t h e r  than pass through t h e  e l e c t r i c  f i e l d .  The employment o f  e l e c t r i c  

b a r r i e r s  a t  power p l a n t  in takes  would, i n  most instances, c o n s t i t u t e  a  

reversa l  o f  t h i s  p a t t e r n  as the f i s h  would be t r a v e l i n g  i n  t h e  f l ow  

d i r e c t i o n .  F ish  response t o  the  e l e c t r i c  f i e l d  var ies  w i t h  s i z e  and 

species r e q u i r i n g  t h a t  the screen vo l tage and pulse be preselected fo r  

a  p a r t i c u l a r  age group o f  a  s i n g l e  key species. E l e c t r i c a l  e f f e c t  a l so  

depends upon the  c o n d u c t i v i t y  o f  t he  water  which can f l u c t u a t e  substan- 

t i a l l y  a t  any one s i t e .  

10.2.1.7 BUBBLE, LIGHT AND SOUND BARRIERS 

The a d d i t i o n  o f  a i r  bubble, l i g h t  and sound b a r r i e r s  ahead o f  i n t a k e  

s t ruc tu res  t o  reduce impingement losses has been attempted w i t h  vary ing  

degrees o f  success. I n  each case the  e f fec t iveness  of t he  system depends 

on the magnitude o f  the  r e p e l l i n g  response e l i c i t e d  i n  t h e  f i s h .  

A i r  bubble screens are produced by f o r c i b l y  e j e c t i n g  compressed a i r  

through pe r fo ra t i ons  i n  a  p ipe  l y i n g  along the  bottom. Ac t i ve  f i s h  w i l l  

general l y  avoid swimming through the c u r t a i n  o f  a i  r bubbles ; however, 

l e t h a r g i  c  f i s h  (encountered dur ing  c o l d  w i n t e r  water temperatures) o f t e n  

do n o t  respond t o  the b a r r i e r  and w i l l  pass ive ly  d r i f t  through it. 

L i g h t  b a r r i e r s  depend on a  negat ive response o f  f i s h  t o  v i s i b l e  l i g h t .  

Experiments w i t h  l i g h t  d i v e r s i o n  have revealed t h a t  f i s h  tend t o  become 

accl imated t o  the  l i g h t  and a f t e r  several  minutes i t s  e f fec t i veness  as 

a b a r r i e r  i s  negated. 

A1 though f i s h  can become accustomed t o  continuous noises , p u l s a t i n g  

mul t i - f requency sound does apparent ly  have a  r e p e l l i n g  e f f e c t .  However, 

t he  response o f  f i s h  t o  sound var ies  considerably among d i f f e r e n t  species. 
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10.2.1.8 PERFORATED PIPE 

The pe r fo ra ted  p ipe  i n t a k e  system was o r i g i n a l l y  developed t o  improve 

debr is  removal, b u t  i t  appears t o  possess s i g n i f i c a n t  f i s h  p r o t e c t i o n  

p o t e n t i a l .  I t  i s  one o f  the s imp les t  i n t a k e  designs i n  t h a t  t r a s h  bars 

and t r a v e l i n g  screens are n o t  requi red.  

& pe r fo ra ted  p ipe i n t a k e  system i s  depicted i n  F igure  10.2-4. As des- 

c r i b e d  i n  Sect ion 3.4, the  e n t i  r e  f i l t e r i n g  func t i on  o f  the  i n take  i s  

accompl i shed by pe r fo ra ted  pipes submerged i n  the  waterway several f e e t  

above the  bottom. I n  f l ow ing  water  app l i ca t i on ,  the pipes are pos i t i oned  

p a r a l l e l  t o  the  f l ow  d i r e c t i o n  so t h a t  debr is  and f i s h  are ass i s ted  pas t  

the i n take  by the n a t u r a l  cur ren ts .  F i sh  encounter ing the  p ipe  have 

c l e a r  escape paths i n  a l l  d i r e c t i o n s  except d i r e c t l y  i n t o  the  per fo ra-  

t i ons .  Low approach v e l o c i t i e s  and i n t e r n a l  s leev ing  t o  produce un i fo rm 

v e l o c i t y  f i e l d s  can be incorpora ted  i n t o  the  pe r fo ra ted  p ipe  i n t a k e  
"! , 1 design t o  enhance i t s  f i s h  p r o t e c t i o n  capabi l  i t i e s .  

Out o f  s i x  known i n s t a l l a t i o n s  o f  pe r fo ra ted  p ipe  i n l e t s  i n  the  Un i ted  

States, response t o  i n q u i r i e s  on opera t iona l  experience was obta ined from 

f ive .  These have been i n  s a t i s f a c t o r y  opera t ion  f o r  a  pe r iod  o f  

3  t o  14 years w i t h o u t  any ser ious  problems i n v o l v i n g  algae growth, c log-  

g ing  o r  f i s h  i n take  even though they a l l  have a  non-uniform v e l o c i t y  

i n f l o w  through the  pe r fo ra t i ons .  Four o f  these i n s t a l l a t i o n s  have 

p rov i s ions  f o r  backwashing ( f o r c i n g  a i r  o r  water backwards through the  

per fo ra t ions  t o  remove adhering debr is ) .  I n  one case t h i s  p r o v i s i o n  has 

n o t  been used s ince i n s t a l  l a t i o n  s i x  years ago. I n  the  o ther  th ree  

cases, i t  has been used as necessary w i t h o u t  any d i f f i c u l t y .  (1  1 

10.2.1.9 INFILTRATION BEDS 

Theore t ica l  ly ,  the i n f i  1  t r a t i o n  bed i n take  represents the maximum poss ib le  

p r o t e c t i o n  f o r  f i s h  and f l o a t i n g  organisms. P ip ing  b u r i e d  beneath the 
\ 
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waterway draws water through e i t h e r  na tu ra l  pervious ma te r ia l  o r  an 

a r t i f i c i a l  f i l t e r  medium. Approach v e l o c i t i e s  can be made extremely low 

r e s u l t i n g  i n  zero impingement. 

Where s u i t a b l e  water  bear ing permeable ma te r ia l  e x i s t s ,  supply pipes can 

be i n s e r t e d  i n t o  sand and gravel  aqu i fe rs  beneath the water body. These 

are connected t o  a  cen t ra l  pumping w e l l  and are termed r a d i a l  w e l l  i n t a k e  

systems. A l e v e l  o f  na tu ra l  f i l t e r i n g  i s  prov ided which i s  f a r  supe r io r  

t o  t h a t  o f  mechanical screens and capable o f  g r e a t l y  reducing entrainment 

as w e l l  as e l i m i n a t i n g  impingement. 

I n  waterways 1  acking s u f f i c i e n t l y  permeable beds, a r t i f i  c ia1  fi 1 t e r i n g  

substrates can be employed. Usua l ly  b u i l t  of concrete o r  stone, these 

substrates requ i re  an extensive cons t ruc t ion  e f f o r t  w i t h  at tendant  impact 

on benth ic  l i f e .  

10.2.2 ELIMINATION OF IMPRACTICAL ALTERNATIVES 

10.2.2.1 HORIZONTAL TRAVELING SCREENS 

A1 though i t  represents a  s i g n i f i c a n t  advance i n  mechanical screening 

technology w i t h  respect  t o  f i s h  p ro tec t i on ,  the h o r i z o n t a l  t r a v e l i n g  

screen has n o t  proceeded beyond the  experimental  stage and i s  s t i l l  

beset by major design problems. Important  among these are the need t o  

develop r e l i a b l e  l o n g - l i f e  components t h a t  can w i ths tand the  stresses 

imposed by the  screens' h i g h  r o t a t i o n a l  speeds, t h e  danger o f  screen 

co l lapse due t o  clogging, the requirement f o r  bypass f a c i l i t i e s  t h a t  

can separate f i s h  t o  be re turned t o  the  waterway from debr is  t o  be 

removed and the  s e n s i t i v i t y  o f  the screens t o  water l e v e l  f l u c t u a t i o n s  

on the order  of s i x  f e e t  such as are common i n  the  C l i nch  R iver  a t  the  

S i t e .  For these reasons, the ho r i zon ta l  t r a v e l i n g  screen cannot be 

considered a  reasonable a l t e r n a t i v e  f o r  the  CRBRP i n t a k e  system. 



10.2.2.2 LOUVER SYSTEM 

The louver  system i s  t e c h n i c a l l y  f e a s i b l e  a t  t h i s  time. However, c e r t a i n  

features o f  t he  system render i t  non-adaptable t o  the  CRBRP S i te .  

Louver b a r r i e r  e f f i c i e n c y  i n  reducing impingement losses i s  h i g h l y  

dependent upon the  water v e l o c i t y  through the  louvers. This i s  a  

f u n c t i o n  o f  water l e v e l  and f l o w  r a t e .  Only small v a r i a t i o n s  i n  these  

two parameters can be to le ra ted .  A t  the  S i te ,  t he  C l i nch  R iver  r e g u l a r l y  

experiences s ix - foo t  water l e v e l  d i f f e r e n t i a l s  on a  seasonal basis.  

I n  a d d i t i o n  t o  seasonal f l u c t u a t i o n s ,  d a i l y  f l u c t u a t i o n s  can vary  by 

about th ree f e e t  a t  summer operat ional  l e v e l  t o  about e i g h t  f e e t  dur ing  

w i n t e r  operat ional  l e v e l .  Hour ly  r a t e  o f  f l o w  can vary  from zero t o  

Me1 t o n  H i  11 tu rb ine  capac i ty  (approximately 22,000 c f s )  a t  any t ime 

dur ing  t h e  year. As p resen t l y  conceived, the  louver  system could n o t  
)i 

\ ,) f u n c t i o n  successfu l ly  under these cond i t ions  and does n o t  c o n s t i t u t e  a  

v i a b l e  a1 t e r n a t i v e  f o r  the  CRBRP i n t a k e  system. 

10.2.2.3 ELECTRIC SCREENS 

While i t  has been shown e f f e c t i v e  f o r  d i v e r t i n g  upstream mig ra t i ng  f i s h  

i n  several cases, the  e l e c t r i c  screen does n o t  appear p r a c t i c a l  f o r  use 

i n  the  CRBRP i n t a k e  system. No unique o r  r e g u l a r  m ig ra t i on  o f  a  key 

species i s  ev ident  i n  t h e  C l inch River .  Se lec t ion  o f  t he  proper vo l tage 

and p luse f o r  the  screen would be d i f f i c u l t  as the  r i v e r  conta ins a  

v a r i e t y  o f  species no one o f  which i s  o f  dominating importance. Because 

f i s h  en te r ing  the  i n t a k e  s t r u c t u r e  a re  moving w i t h  the  f l o w  o f  water, 

any t h a t  become stunned by the  e l e c t r i c a l  b a r r i e r  w i l l  be drawn d i r e c t l y  

through i t  and impinged on the  i n t a k e  screens. Add i t i ona l l y ,  t he  e lec-  

t r i c  screen presents a  hazard t o  other  w i l d l i f e  and t o  humans due t o  the  

h igh  voltages used. For these reasons, t h e  e l e c t r i c  f i s h  fence cannot 

be considered a  reasonable a1 t e r n a t i v e  f o r  t h e  CRBRP i n t a k e  system. 
1 



10.2.2..4 BUBBLE, LIGHT AND SOUND BARRIERS . 

The success o f  bubble, l i g h t  and sound behaviora l  b a r r i e r s  has been f a r  

from dramatic.  They have n o t  adequately demonstrated degrees o f  r e l i a -  

b i l  i ty o r  effect iveness t h a t  would permi t  t h e i r  cons idera t ion  as v i a b l e  

a1 te rna t i ves  f o r  the  CRBRP i n t a k e  system. 

O f  the th ree  types, the a i r  bubble screen has shown the  most promise; ( 2  

however, i t  s u f f e r s  from an i n a b i l i t y  t o  repe l  f i s h  dur ing  the  c o l d  

w i n t e r  months. L i g h t  b a r r i e r s  have had poor success owing t o  the r a p i d  

acc l imat ion  response of f i s h  t o  them. Sound b a r r i e r s  must be d i r e c t e d  

a t  one p a r t i c u l a r  species t o  be e f f e c t i v e .  This  i s  n o t  p r a c t i c a l  f o r  

the C l inch  R iver  S i t e .  

10.2.2.5 INFILTRATION BEDS 

The composit ion o f  the  C l inch  R iver  bottom i n  the S i t e  v i c i n i t y  i s  rock; 

no permeable ma te r ia l  i s  present  t h a t  would permi t  the  use o f  a r a d i a l  

w e l l  in take .  The employment o f  an a r t i f i c i a l  f i l t e r i n g  medium would 

impose a p o t e n t i a l l y  severe cons t ruc t ion  impact on aquat ic  l i f e  i n  the 

r i v e r .  A d d i t i o n a l l y ,  c u r r e n t l y  opera t ing  a r t i f i c i a l  media have been 

prone t o  c logging and cannot guarantee an un in ter rup ted  water supply. 

I n f i l t r a t i o n  beds, e i t h e r  na tu ra l  o r  a r t i f i c i a l ,  do no t ,  there fore ,  

represent  reasonable a l t e r n a t i v e s  f o r  the  CRBRP i n take  system. 

10.2.3 SPECIFICATIONS FOR REASONABLE ALTERNATIVES 

10.2.3.1 MODIFIED CONVENTIONAL TRAVELING SCREENS 

The modif ied convent ional t r a v e l i n g  screens i n take  s t r u c t u r e  f o r  the 

CRBRP would be l oca ted  along the shore of the  C l inch  R iver  a t  the pos i -  

t i o n  i n d i c a t e d  i n  F igure 10.2-5. The e n t i  r e  f a c i l i t y  i s  approximately 

18 f e e t  wide, extends 42 f e e t  back f rom the shore l ine  and r i s e s  38 fee t  

above the r i v e r  bed. 
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Trash racks, located a t  the shoreline parallel w i t h  the r iver  flow, are 
318-inch bars a t  approximately three inch centers. A mechanical trash 
rake removes impinged debris from the bars and carries i t  to  deck level 
where i t  i s  collected for  on-land disposal. 

Two traveling water screens, each f ive  f ee t  wide with 318-inch square 
mesh openings, impede any debris which passes through the trash racks. 
The screens are  rotated ei ther  on a periodic or continuous basis depend- 
ing upon the amount of debris impinging the screens. 

Debris i s  washed from the screen a t  deck level by high pressure sprays, 
- 

collected i n  a trough and removed for  on-land disposal. Wash water 
drains back to the river.  

Screens are  "flush mounted", meaning tha t  the front  face of the screen 
is flush with i t s  supporting wall and para1 le l  w i t h  the r iver  flow as 

/ )  shown in Figure 10.2-6. Openings i n  both outer walls permit f i sh  to  
escape from the screen face by swimming to  the l e f t  or  to  the r i g h t .  
The combined "flush mounted" screens and in ter ior  wall openings el imi- 
nate the closed end channel which resul ts  from placing the screens in a 
conventional concrete channel . 

- 

Maximum approach velocity to  the traveling screens, measured a t  minimum 
river  water level,  does not exceed 0.5 f e e t  per second (fps)  . 

Two 100-percent capacity makeup water pumps ar_e located behind the 
traveling screens i n  separate bays. The total  operating flow of the 
intake is 10,000 gpm. 

10.2.3.2- TRAVELING SCREENS MOUNTED AT ANGLE TO FLOW 

The angle-mounted traveling screens intake a1 ternative for  the CRBRP i s  
identical i n  design to  the conventional intake w i t h  the exceptions indi- 

\ 

, ,' cated in Figure 10.2-7. The portion of the structure containing the 



t r a v e l i n g  screens and c i r c u l a t i n g  water pumps i s  pos i t i oned  a t  a  

45 t o  60 degree angle t o  the  f l o w  o f  incoming water. The f i s h  passages 

w i t h  t r a s h  bars u t i l i z e d  i n  t h e  convent ional screens design a r e  replaced 

w i t h  a  s i n g l e  escape channel. A f i s h  pump and r e t u r n  p ipe  connect the  

escape channel t o  t he  r i v e r .  

Angle-mounting adds approximately 13 f e e t  t o  t he  o v e r a l l  l eng th  o f  t he  

s t r u c t u r e  compared t o  the  mod i f ied  convent ional in take.  Opera t iona l ly ,  

t h e  two systems a r e  the  same w i t h  the  a d d i t i o n  o f  t h e  f i s h  pump f o r  t he  

angle-mounted screen in take.  

10.2.3.3 SINGLE ENTRY-DOUBLE EXIT (PASSAVANT) SCREENS 

The s i n g l e  entry-double e x i t  (Passavant) screens i n t a k e  system i s  il l u s -  

t r a t e d  i n  F igure  10.2-8. It i s  2  f e e t  wider and 17 f e e t  longer  than the  

convent ional i n t a k e  and u t i l i z e s  the  same t r a s h  bars and rake design. 

Two 4.5-foot wide Passavant v e r t i c a l  t r a v e l  i n g  screens a r e  mounted w i t h  

t h e i r  faces p a r a l l e l  t o  the  f l o w  o f  incoming water.  I n  t he  back o f  each 

screen i s  an escape channel lead ing  t o  a  c o l l e c t i o n  chamber con ta in ing  a  

f i s h  pump and i n l e t  f o r  t he  r e t u r n  p ipe  t o  t h e  r i v e r .  

10.2.3.4 PERFORATED PIPE 

I n  the pe r fo ra ted  p ipe i n l e t  design i l l u s t r a t e d  i n  F igure 10.2-9, both 

the  t rash  racks and the  t r a v e l i n g  screens are replaced by two submerged 

pe r fo ra ted  pipes, pos i t i oned  approximately 70 f e e t  from shore, para1 l e l  

t o  the r i v e r  f l ow  and supported o f f  the  r i v e r  bottom as shown i n  

F igures 10.2-10 and 10.2-11. Pe r fo ra t i ons  w i l l  be 318-inch diameter 

maxi mum. 

Maximum average v e l o c i t y  o f  en te r i ng  water  measured 0.75 i n c h  from the 

face o f  the pe r fo ra ted  p ipe i s  est imated t o  be l ess  than 0.4 fps. 

Uniform e n t e r i n g  v e l o c i t y  i s  produced by design fea tures  noted below. 

10.2-12 



\ 

/ 

F ish  have a c l e a r  escape passage i n  a l l  d i r e c t i o n s  except d i r e c t l y  i n t o  

the  per fora t ions .  

Two 100-percent capac i ty  per fora ted pipes a re  provided, t o  permi t  back- 

washing one wh i l e  t h e  o ther  i s  i n  operat ion. Normal maximum i n l e t  water 

v e l o c i t y  w i t h  both i n l e t s  i n  opera t ion  w i l l  thus be l e s s  than 0.2 fps .  

Uniform i n l e t  v e l o c i t y  through the  pe r fo ra t i ons  i s  produced by an i n t e r n a l  

per fora ted sleeve. D e t a i l s  o f  t he  i n l e t  p ipe  f o r  t h i s  s p e c i f i c  design 

concept have been developed through extensive model t e s t s  . ( 3 )  water 

v e l o c i t y  p r o f i l e s  a t  the  p o i n t  o f  i n t a k e  a re  described i n  

Sect ion 10.2.4.2.2. 

Removal o f  debr is  from the  i n l e t  p ipe  i s  accomplished by f l o w  reversa l  

i n  the  i n t a k e  p ip ing .  I t  i s  an t i c ipa ted  t h a t  because o f  t h e  low i n l e t  

v e l o c i t i e s  associated w i t h  the  per fora ted pipe, backwashi ng should be 

) 
an in f requen t  operat ion.  When backwashing i s  required,  makeup water 

supply t o  the  p l a n t  i s  i n t e r r u p t e d  and the  water discharged through the  

p l  ugged per fora ted p i  pe . 

The pumphouse s t r u c t u r e  i s  located near the  r i v e r  bank, s i m i l a r  t o  the  

conventional i n t a k e  design. It i s ,  however, s u b s t a n t i a l l y  smal ler  due 

t o  e l i m i n a t i o n  o f  the  racks and screens. 

10.2.4 ENVIRONMENTAL COSTS 

1 0.2.4.1 ENTRAINMENT 

As the  i n take  system draws water from t h e  C l inch R iver  f o r  p l a n t  use, 

c e r t a i n  aquatic. organisms i n  the  v i c i n i t y  o f  t he  i n t a k e ' s  v e l o c i t y  f i e l d  

and small enough in '  s i z e  t o  pass through the  screens w i l l  become entra ined 

i n  the  water supply. These organisms w i l l  be p r i m a r i l y  composed o f  f l o a t -  

i n g  p lankton b u t  w i l l  a l s o  i nc lude  (dur ing  the  spawning season) f i s h  eggs 

t h a t  a r e  n o t  l a i d  i n  nests o r  attached t o  vegetat ion and larvae.  
\ ' 



Numbers of aquatic organisms tha t  become entrained are  not principally 
a function of the intake system. Heat Dissipation System water require- 

ments determine to  the largest  extent the degree of entrainment. Addi- 

t ional ly ,  the f a t e  of the organisms carried into the plant water supply 
system is a function of the Heat Dissipation System design. Although 

survival of some l i f e  forms discharged from a once through cooling 
system does occur, a closed cycle system such as tha t  employed by the 
CRBRP causes nearly 100 percent entrainment mortality. 

The influence of the intake system with reference to  entrainment i s  
limited to  the e f fec ts  of i t s  location. An intake that  draws water from 
a region of the waterway tha t  serves as a f i sh  spawning area or i s  
characterized by dense plankton populations wi 11 cause an additional 
amount of entrainment. I t  i s ,  therefore, important to  avoid such unique 
areas fo r  the intake location. 

Tentative location of the CRBRP intake structure i s  shown i n  Fig- 
ure 10.6-5. A1 though the aquatic monitoring program has yet  to be 
completed, t h i s  area of the r iver  does not appear to  possess any unique 
abundance of aquatic l i f e  that  would disfavor i t s  selection. Entrain- 
ment effects  may be considered substantially the same for the traveling 
screens intake options. Due to  i t s  off-shore location near the r iver  
bottom, the perforated pipe may have a lower level of entrainment 
(particularly in regard to  f i sh  eggs and larvae) associated with i t s  
operation. However, the aquatic baseline survey has not proceeded fa r  
enough to  substantiate th is  prediction a t  t h i s  point in time. 

10.2.4.2 ENTRAPMENT AND IMPINGEMENT 

The principal environmental concern that  i s  the d i rec t  responsi bi 1 i ty of 
the intake system i s  entrapment and impingement. Entrapment occurs when 
dead water areas in which f i sh  can congre ate  ex i s t  within the intake 
structure (such as behind curtain wall s )  . q4) Impingement refers  to the 

1 

physical attachment of aquatic organisms (primarily f i sh)  on the intake ,/ 



screens caused by the  fo rce  exer ted by the  f l o w i n g  water. The magnitude 

o f  the  entrapment and impingement losses t h a t  occur i s  a func t i on  o f  

i n take  water passage design, screen type, water v e l o c i t y  a t  screen face, 

v e l o c i t y  d i s t r i b u t i o n  along screen cross-sect ion, f i s h  escape features 

employed and the p o s i t i o n  o f  t h e  i n take  r e l a t i v e  t o  the  d i s t r i b u t i o n  o f  

f i s h .  

10.2.4.2.1 FISH ESCAPE PASSAGES 

Each o f  the  f o u r  i n take  system a l t e r n a t i v e s  u t i l i z e s  some type o f  f i s h  

escape passage t o  reduce impingement losses. Further,  a1 1 o f  t h e  

a l t e r n a t i v e  in takes employ design fea tures  such as f l u s h  mounted screens 

t o  e l im ina te  dead areas t h a t  r e s u l t  i n  f i s h  entrapment. 

The modi f ied  conventional t r a v e l i n g  screen i n t a k e  has an escape passage 

' ?I 
located a t  each end o f  the  screens, as shown i n  Figure 10.2-6. F i sh  t h a t  

-, I enter  the  i n t a k e  can, upon approaching the  screens, move t o  e i t h e r  the  

l e f t  o r  r i g h t  and proceed i n t o  the  escape channel and back t o  the  r i v e r .  

These passages, however, are simply openings i n  the  s idewal ls  o f  the  

s t r u c t u r e  and as such probably func t i on  t o  some degree as secondary 

water entrance passages w i  t h  subsequent water f 1 ow d i r e c t i o n  t h a t  would 

oppose the  progress o f  escaping f i s h .  

A s i n g l e  f i s h  escape passage a t  one end o f  t he  screen face i s  employed 

w i t h  the  angle-mounted t r a v e l i n g  screen in take  as shown i n  Figure 10.2-7. 

This passage, however, contains a f i s h  pump t o  provide a p o s i t i v e  fo rce  

i n  d i r e c t i n g  f i s h  away from the screens and back t o  the  r i v e r .  Angle- 

mounting i s  an add i t i ona l  f ea tu re  o f  t he  escape mechanism t h a t  produces 

a v e l o c i t y  component p a r a l l e l  t o  the  screen face t o  a s s i s t  f i s h  towards 

the  escape passage. 

The s i n g l e  entry-double e x i t  t r a v e l i n g  screen u t i l i z e s  screens pos i t ioned 

w i t h  t h e i r  faces p a r a l l e l  t o  the  water f l o w  and escape passages i n  the  
( '  '. 



r e a r  o f  the  screen areas as i s  i l l u s t r a t e d  i n  F igure  10.2-8. F i s h  en ter -  

i n g  the  i n t a k e  are  n o t  requ i red  t o  change d i r e c t i o n  t o  be drawn t o  

sa fe ty .  The escape passage l i e s  d i r e c t l y  i n  f r o n t  o f  t h e  f i s h  as they 

e n t e r  t he  i n take .  A f i s h  pump i s  employed t o  a s s i s t  t he  f i s h  through 

the  escape channel and back t o  the  r i v e r .  Le tha rg i c  ( w i n t e r i n g )  f i s h  

t h a t  w i l l  n o t  a c t i v e l y  respond t o  cu r ren ts  are more 1 i k e l y  t o  escape 

impingement w i t h  t h i s  i n t a k e  design. 

F i sh  approaching the  pe r fo ra ted  p ipe  i n t a k e  can escape by swimming i n  

any d i r e c t i o n  except  d i r e c t l y  i n t o  the  pe r fo ra t i ons .  

10.2.4.2.2 WATER VELOCITY AT THE SURFACE OF INTAKE SCREEN 

One o f  the  most impor tan t  aspects o f  t he  i n t a k e  system t h a t  p e r t a i n s  t o  

impingement i s  t h e  magnitude and d i s t r i b u t i o n  o f  the  water  v e l o c i t y  a t  

the sur face  o f  the  screens. The g r e a t e r  the  v e l o c i t y ,  t h e  s t ronger  the  

impingement fo rce ,  and thus, the  more d i f f i c u l t  escape f rom the  screen 

becomes. 

There has been considerable e f f o r t  expended t o  q u a n t i f y  the  r e l a t i o n  

between f i s h  impingement and screen approach v e l o c i t y .  The r e s u l t s  have 

gene ra l l y  shown t h a t  the  p o t e n t i a l  f o r  impingement i s  s i g n i f i c a n t l y  

reduced when the  screen approach v e l o c i t y  does n o t  exceed 0.5 fps.  ( 4  ) 

A l l  f o u r  o f  the  i n t a k e  system a l t e r n a t i v e s  are designed f o r  a 5 0.5 fps  

approach vel  oc i  t y  . 

A1 though a 0.5 f ps  v e l  o c i  ty has been designated, the  th ree  v e r t i c a l  

t r a v e l i n g  screens i n t a k e  a1 t e r n a t i  ves s u f f e r  f rom t h e  poor v e l o c i t y  d i s -  

t r i b u t i o n  t h a t  i s  g e n e r a l l y  recognized as comnon t o  t r a v e l i n g  screens. (4  ) 

This  causes l o c a l i z e d  regions o f  the  screen face w i t h  h igher  than design 

approach v e l o c i t i e s .  F igure  10.2-12 i s  a v e l o c i t y  p r o f i l e  f o r  a t r a v e l i n g  

screen s i m i l a r  t o  t h a t  requ i red  f o r  the  CRBRP. Uneven v e l o c i t y  d i s t r i -  

bu t i on  i s  ev iden t  and the  occurrence o f  equ i va len t  cond i t i ons  w i t h  t he  

CRBRP t r a v e l i n g  screen i n takes  i s  t o  be expected. 



The perforated pipe a l t e r n a t i v e  u t i l i z e s  a unique i n t e rna l  sleeve design 

t h a t  produces essen t i a l l y  uniform v e l o c i t y  through a1 1 perforat ions.  

Extensive model t es t i ng  has been employed t o  v e r i f y  t h i s  e f f e c t  and t o  

opt imize the p ipe design. (3) Figure 10.2-13 shows the v e l o c i t y  p r o f i l e  

o f  a perforated p ipe wi thout  i n t e rna l  sleeving. Ve loc i t y  var ies  consid- 

erab ly  along the screen length  r i s i n g  t o  as much as 60 percent above the 

design condi t ion.  I n  Figure 10.2-14, the v e l o c i t y  p r o f i l e  f o r  the per- 

fo ra ted pipe w i t h  i n t e rna l  sleeve mod i f i ca t ion  i s  presented. I n  t h i s  

case, the design v e l o c i t y  i s  no t  exceeded except f o r  a small segment a t  

the screen ends and the ve l oc i t y  f i e l d  i s  near ly  100 percent uniform. 

Figure 10.2-15 i s  a graph o f  approach v e l o c i t y  versus distance from the 

surface f o r  the perforated pipe intake.  It shows t h a t  the f i e l d  o f  

acce lera t ing f l ow f o r  t h i s  i n take  design does no t  extend beyond 114 inch 

from the pipe surface. Thus, a f i s h  must pass extremely c lose t o  the 

surface i t s e l f  t o  be a f fec ted by suct ion force.  As both perforated 

3 pipes represent on ly  0.4 percent o f  the cross-sect ional area o f  the 

r i v e r  a t  the proposed in take  locat ion,  the po ten t ia l  f o r  impingement i s  

confined t o  a very small reg ion o f  the r i v e r .  

Two 100-percent capaci ty pipes are  employed by the perforated pipe intake.  

During normal operation, both w i l l  be funct ion ing r e s u l t i n g  i n  a screen 

approach v e l o c i t y  o f  less  than 0.2 fps.  

10.2.4.2.3 FISH RESOURCES I N  CLINCH RIVER 

The degree t o  which considerat ion i s  given t o  in take  systems t h a t  pro- 

v ide extensive f i s h  p ro tec t ion  features i s  t o  a ce r t a i n  ex tent  a func t ion  

o f  the s ign i f i cance  o f  the f i s h  resources o f  the waterway. An important 

game o r  commercial f i s h  production area o r  residence o f  a unique o r  r a r e  

and endangered f i s h  species should qu i t e  n a t u r a l l y  receive greater  

a t t en t i on  i n  reference t o  in take  design than a water body f o r  which no 

such condi t ions ex i s t .  

'l, 



Although the  aquat ic  base l ine  survey program i s  s t i l l  i n  progress, 

severa l  general remarks concerning the  f i s h  resource o f  the  C l i n c h  R ive r  

a t  the  S i t e  can be made. Only two game f i s h  species are w e l l  repre-  

sented, t he  sauger and wh i te  bass. Forage and rough f i s h  dominate i n  

both numbers and biomass. (5) Although Watts Bar Reservo i r  produced a  

commercial f i s h  harves t  o f  n e a r l y  95,000 pounds i n  1973, catches w i t h i n  

a  10-mi le  rad ius  o f  t he  S i t e  amounted t o  o n l y  one percent  o f  t h i s  t o t a l .  (6) 

No unique o r  r a r e  and endangered f i s h  species i n h a b i t  t h i s  p o r t i o n  o f  the  

C l i nch  River ,  as discussed i n  Sect ion 2.7. 

10.2.4.3 CONSTRUCTION EFFECTS 

Const ruc t ion  o f  the  CRBRP i n t a k e  system w i  11 cause temporary d i s l o c a t i o n  

o f  some aquat ic  l i f e  and produce p o t e n t i a l  s i l t  and t u r b i d i t y  add i t i ons  

t o  the  r i v e r .  S p e c i f i c  p r a c t i c e s  and techniques employed t o  minimize 

the  cons t ruc t i on  impact are examined i n  Sec t ion  4.1. 

The th ree  t r a v e l i n g  screen i n t a k e  a1 t e r n a t i v e s  are s i m i l a r  i n  design and 

w i  11 have essen t i  a1 l y  i d e n t i c a l  cons t ruc t i on  e f f e c t s .  A1 though substan- 

t i a l  l y  d i f f e r e n t  i n  design, t he  p e r f o r a t e d  p ipe  i n t a k e  should n o t  cause 

a  cons t ruc t i on  impact d i s s i m i l a r  t o  the  o t h e r  th ree  as the  a d d i t i o n a l  

adverse e f f e c t  o f  i n s t a l l i n g  the submerged p ipes w i l l  be balanced by the  

smal le r  amount o f  work requ i red  a t  t he  sho re l i ne  f o r  the  pe r fo ra ted  p ipe  

pumphouse. Consequently, none o f  t he  i n t a k e  system a l t e r n a t i v e s  o f f e r s  

any s i g n i f i c a n t  decrease i n  cons t ruc t i on  impact. 

10.2.4.4 AESTHETIC IMPACT OF INTAKE STRUCTURE 

A t  present  the  p o r t i o n  o f  the  C l i nch  R iver  i n  t he  v i c i n i t y  o f  t he  i n t a k e  

l o c a t i o n  may be charac ter ized  as a  n a t u r a l  s e t t i n g .  The sho re l i ne  i s  

r e l a t i v e l y  undisturbed. As such, t he  CRBRP i n t a k e  s t r u c t u r e  represents 

an a e s t h e t i c  i n t r u s i o n ,  a1 though i t s  i n d i v i d u a l  impact w i l l  be lessened 

by the  presence o f  the  p l a n t  i t s e l f .  



The three traveling screen intake a1 ternatives wi 11 present 1 arge, open 
concrete structures r is ing from the r iver  bed a t  the shoreline. Their 
aesthetic impact will be considerable with the angle-mounted screens 
intake the most imposing due to  i t s  angled posture. 

The perforated pipe intake will present the l eas t  visual impact of the 
intake alternatives.  The pipes themselves will be submerged and hidden 
from view. The only vis ible  structure will be the enclosed pumphouse 
along the shoreline which i s  much smaller than the other three intake 
structures.  

10.2.5 ECONOMIC COSTS 

Monetary costs (capital and operating) fo r  the CRBRP intake system a l t e r -  
natives are presented i n  Table 10.2-1. Due to i t s  simple design which 
eliminates the need for  trash rakes and traveling screens and subsequent 
large shoreline structure,  the perforated pipe intake i s  the lowest cost 
a1 ternative as shown i n  Table 10.2-1. The modified conventional travel - 
ing screens intake i s  nearly two and one-half times as costly and the 
angle-mounted and single entry-double e x i t  traveling screens intakes are  
approximately three and four times, respectively, the cost of the perfor- 
ated pipe a1 ternative. 

There are  fewer moving parts associated w i t h  the perforated pipe and no 
debris disposal i s  required. System maintainability fo r  the four a l t e r -  
natives will be influenced by the presence of Asiatic clams in the Clinch 
River; however, no significant differences among the system designs 
would be anticipated. 



10.2.6 COMPARISON OF ALTERNATIVES 

10.2.6.1 DIRECT COMPARISON OF ALL REASONABLE ALTERNATIVES 

A comparative summary o f  t he  economic and environmental costs f o r  the  

f o u r  CRBRP in take  a l t e r n a t i v e s  i s  presented i n  Table 10.2-2. The r e s u l t s  

i n d i c a t e  t h a t  t he  pe r fo ra ted  p ipe  i n take  i s  the  economically p re fe rab le  

system and f o r  two environmental costs, entrainment and const ruc t ion  

e f fec ts ,  t he  f o u r  a l t e r n a t i v e s  are equivalent .  Therefore, the b e n e f i t -  

cost  ana lys is  revolves about a  balancing o f  f i s h  impingement and aesthe- 

t i c s  against  the  economic costs. 

S ign i f i cance of f i s h  impingement i s  determined by the impact such losses 

might have on the  na tu ra l  populat ions i n  the  C l inch R iver  i n  the v i c i n i t y  

o f  the S i te .  Q u a n t i f i c a t i o n  requ i res  in format ion  concerning the  numbers 

and d i s t r i b u t i o n  o f  the important  f i s h  species i n  the  r i v e r .  As pre- 

v i o u s l y  noted, the  aquat ic  basel ine survey program i s  s t i l l  i n  progress 

and t h i s  data i s  n o t  c u r r e n t l y  ava i lab le .  Consequently, pounds o f  f i s h  

impinged per  u n i t  t ime and, more impor tant ly ,  t he  impact o f  t h i s  e f f e c t  

on the  l o c a l  f i s h  populat ions cannot be d e f i n i t i v e l y  determined a t  t h i s  

time. However, a  q u a l i t a t i v e  est imate o f  impingement s i g n i f i c a n c e  can 

be made based on the ana lys is  o f  environmental costs presented i n  10.2.4. 

The in take  system chosen f o r  the CRBRP should be designed t o  reduce f i s h  

m o r t a l i t y  t o  t h a t  degree cons is tent  w i t h  the  value of the  f i s h  resource 

o f  the  r i v e r  and the  cons t ra in ts  o f  economics. These cons t ra in ts  d i c t a t e  

t h a t  t he  add i t i ona l  monetary cost  i ncu r red  by the  employment o f  an i n take  

system equipped w i t h  extensive f i s h  p ro tec t i on  features be matched by an 

equ iva lent  reduct ion  i n  i t s  environmental cost.  I n  view o f  t h i s ,  t he  

modi f ied  conventional t r a v e l i n g  screens in take  a l t e r n a t i v e  i s  e l im ina ted  

from f u r t h e r  considerat ion because o f  i t s  f a i  l u r e  t o  produce environ- 

mental improvement i n  propor t ion  t o  i t s  h igher  monetary costs ( i n  com- 

par ison t o  the  base case per fora ted p ipe  in take) .  I n  fac t ,  i n  terms o f  



the effectiveness of i t s  f i sh  escape features, the conventional intake 
i s  the leas t  desirable a1 ternat i  ve. 

Three remaining al ternat ive systems each offer  certain advantages and 
limitations i n  reference to impingement effects .  The angle-mounted 
traveling screens intake produces a velocity vector parallel  to  the 
screen face to  a s s i s t  f i sh  into the escape passages; however, a positive 
swimming response by the f ish i s  required. The single entry-double e x i t  
traveling screens intake employs escape passages direct ly  in the path of 
f ish entering the intake; therefore, no swimming response i s  needed. 
Both of these intakes u t i l i ze  f i sh  pumps to transfer f ish to  safety,  b u t  

the velocity distribution across the screen faces i s  non-uniform and 
subject to  local regions of higher than desired speeds. The perforated 
pipe alternatives requires fish approaching the intake to  swim away to 
escape; however, the escape f i e ld  i s  very large ( a l l  directions except 

' )  
direct ly  into the perforations) and the intake f i e l d  of accelerating 
flow i s  very small (extending only 0.25 inch above the pipe surface). 

Comparing these three intake systems, the above enumerated features tend 
to  balance one another resulting in f i sh  impingement losses tha t  should 
not substantially d i f f e r  among the al ternat ives .  O f  the three, the 
single entry-double e x i t  intake is potentially the most effect ive i n  

reducing impingement due to i t s  capabi 1 i ty to  be t te r  protect lethargic 
(wintering) f i sh .  The angle-mounted travel ing screens and perforated 
pipe intakes can be considered approximately equal with the f ish pump 
and screen angle features of the angle to flow intake balanced by the 
superior approach velocity characteristics of the perforated pipe. When 

the monetary cost different ial  and aesthetic impact are considered, the 
perforated pipe intake i s  preferable overall to  the angle-mounted 
traveling screens. 

The foregoing analyses have now reduced the number of competing alterna- 

) 
t ives to  the single entry-double e x i t  traveling screens and perforated 

/ pipe. The traveling screens intake possesses a small advantage in f i sh  



pro tec t i on  b u t  i s  considerably more c o s t l y  economically and i s  l ess  

des i rab le  a e s t h e t i c a l l y .  I n  view o f  the nature  o f  the  f i s h  resource 

o f  the  C l inch R iver  near the  S i t e  as described i n  Secion 10.2.4.2.3, t he  

impingement reduct ion  advantage o f f e r e d  by the  s i n g l e  entry-double e x i t  

i n take  f a i l s  t o  outweigh i t s  burden o f  economic and aes the t i c  costs. 

10.2.6.2 REASONS FOR SELECTION OF CHOSEN SYSTEM 

The pe r fo ra ted  p ipe  i n take  system has been selected f o r  the  CRBRP. It 

o f f e r s  the  advantages o f  a  simple design t h a t  e l im inates  the  need f o r  

c o s t l y  t rash  rakes and t r a v e l i n g  screens, a  unique i n t e r n a l  sleeve modi- 

f i c a t i o n  t o  produce very des i rab le  approach v e l o c i t y  c h a r a c t e r i s t i c s  

t h a t  provide s i g n i f i c a n t  p ro tec t i on  against  f i s h  impingement, a  small 

enclosed shore l ine  s t r u c t u r e  t h a t  reduces the  aes the t i c  impact associated 

w i t h  conventional int 'akes and no debr is  d isposal  requirements. 
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TABLE 10.2-2 

SUMMARY OF ENVIRONMENTAL AND ECONOMIC COSTS 

FOR INTAKE ALTERNATIVES 

Single Ent ry  
Conventional Angl e-Mounted Double Exi  t 
Travel i ng Travel i ng Travel i n g  Perforated 

Screens Screens Screens Pipe 

Envi ronmental Costs 

En t r a i  nmen t 

Impi ngemen t 
-..I 

0 
Fish escape passages 

N 
Water v e l o c i t y  a t  screens 

I 
IU 
P V e l o c i t y  d i s t r i b u t i o n  

Construct ion E f f e c t s  

Aesthet ic  Impact 
1 

Economic Costs 

Monetary Costs ($)  

Ma in ta inab i l  i ty 

Same 

Fai r 
0.5 fps  

@ 1.0 i nch  
Poor 

Same 

Considerable 

127,000 

Same 

Same 

Good 
0.5 fps 

@ 1.0 i nch  
Poor 

Same 

Considerable 

141,000 

Same 

Same 

Excel l e n t  
0.5 f p s  

@ 1.0 i nch  
Poor 

Same 

Considerable 

21 6,000 

Same 

Same 

Good 
0.2 f p s  

@ 0.75 inch* 
Excel l e n t  

Same 

Moderate 

Base 

Same 

*With both pipes operat ing 
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Figure 1 0 . 2 - 1  CONVENTIONAL TRAVELING SCREENS INTAKE STRUCTURE 
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Figure 10.2-2 FISH PROTECTION FEATURES OF TRAVELING SCREENS INTAKE ALTERNATIVES 
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Figure 10.2-5 LOCATION OF CRBRP INTAKE 
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Figure 10.2-6 CONVENTIONAL TRAVELING SCREENS INTAKE SYSTEM 
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Figure 10.2-7 TRAVELING SCREENS MOUNTED AT ANGLE TO FLOW 
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Figure  10.2-10 PERFORATED PIPE SUPPORTING FRAMEWORK 
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Ve loc i t y  Measurements 
taken a t  t h i s  plane 
for  tab les  be1 ow r 

# 

/ 

FACE OF SCREEN VELOCITY MEASUREMENT 
CROSS-SECTIONS 

Pumps 1, 2 and 3 i n  operation; 0.5 f t / sec  r i v e r  

(a ) (b) (c  ) (d  ) (e ) ( f )  

Near Bottom 0.96! 0.97f 0.92 ( 0.77( 0.84) 0.42! 

M i  d-Depth 0 .95t  1 .04f  1.06 ! 0.87! 0.84! 0.76! 

Near Surface 0.96) 0.94( 0.86 ! 0.82 ! 0.79! 0.65! 

Pumps 1, 2 and 3 i n  operation; 2 f t / sec  r i v e r  

I (a)  (b) (c (d  1 (e) ( f )  

Near Bottom 0.68 ( 0.84 f 0.80 ! 0.60 0.74 ! 0.67 f 
M i  d- Depth 0.80 f 0.95 ! 1.06 ! 0.67 ! 0.80 f 0.81 ! 

1 Nearsurface 1 .201 1.01) 0.47! 0.63) 0.63! (n i l ) !  

I F igure 10.2-1 2 TRAVELING SCREEN VELOCITY PROFILE (7) 
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10.3 DISCHARGE SYSTEM 

The discharge system i s  the  mechanism f o r  re lease o f  a l l  CRBRP e f f l u e n t  

streams t h a t  a re  scheduled f o r  f i n a l  disposal i n  the  C l inch River.  

(Storm water discharge i s  t h e  s i n g l e  exception - see Sect ion 10.4). 

Major f lows t o  t h e  discharge system inc lude coo l i ng  tower blowdown, 

t rea ted  regenerat ion wastewater and the san i ta ry  system e f f l u e n t .  It 

i s  the  func t i on  o f  the  discharge system t o  provide f o r  the  i n t e g r a t i o n  

o f  the p l a n t  discharge i n t o  t h e  main body o f  the C l inch River.  Locat ion 

o f  the discharge s t r u c t u r e  i s  shown i n  Figure 10.3-1. 

Flow q u a n t i t i e s  and thermal and chemical composition o f  the CRBRP d is -  

charge are presented i n  Sections 3.4, 3.6 and 3.7. Summarizing, the  

discharge may be character ized as s i m i l a r  t o  C l inch R iver  water w i t h  

major po in ts  o f  d i f f e rence  being e levated temperature (74OF i n  w i n t e r  

t o  90°F i n  summer) and concentrated chemical composition (by a f a c t o r  

o f  2.5). The discharge f l ow  i s  an average o f  2,300 gpm i h  w i n t e r  and 

3,100 gpm i n  summer. During periods f o l l o w i n g  i n t e r m i t t e n t  loadings, 

the  discharge w i  11 conta in res idua l  ch lor ine .  Suspended so l  i d s  1 eve1 s 

are genera l ly  lower than the  ambient concentrat ions t y p i c a l  o f  the  C l inch 

R iver  . 

I n  an environmental sense, t h e  pr imary concern associated w i t h  the  

discharge system i s  the  degree t o  which i t  promotes r a p i d  and thorough 

mix ing  o f  t he  p l a n t  e f f l  uent w i t h  the  r i v e r .  The mix ing zone, i t s  

ex ten t  and e f f e c t  on r i v e r  water q u a l i t y  and aquat ic  l i f e ,  i s  predomi- 

n a n t l y  the  r e s p o n s i b i l i t y  o f  t h e  discharge system. The u l t i m a t e  e f f e c t s  

o f  the  thermal and chemical p roper t ies  of the  e f f l u e n t  are beyond t h e  

con t ro l  o f  the  discharge system and c o n s t i t u t e  the  provinces o f  t he  

s p e c i f i c  p l a n t  systems responsib le f o r  those p roper t i es  (thermal charac- 

t e r i s t i c s  -- coo l i ng  system, c h l o r i n e  res idua l  -- b ioc ide  system, etc.) .  

These e f f e c t s  a re  addressed, as appropr iate i n  Sections 10.1, 10.4, 10.5 

arid 10.6. Discharges from the CRBRP must comply w i t h  app l icab le  S ta te  



permits r e l a t i n g  t o  the s ize o f  the mixing zone. Further, the selected 

discharge system should r e f l e c t  the desired goal o f  reducing adverse 

environmental impact t o  t ha t  l eve l  consistent  w i th  the economic con- 

s t r a i n t s  o f  d iminishing returns. 

The discharge system selected f o r  the CRBRP i s  a h igh momentum submerged 

s ing le  p o r t  discharge. 

A l ternat ives considered f o r  the discharge system are: 

1. Low momentuv surface discharge; 

2. High momentum submerged s ing le  p o r t  discharge; and 

3. High momentum submerged mu l t i po r t  discharge. 

10.3.1 DESCRIPTION OF ALTERNATIVES 

' i 
i , 10.3.1 .1 SURFACE DISCHARGE 

Surface discharge i s  the simplest and most economically a t t r a c t i v e  d is -  

charge system. The p l an t  e f f l u e n t  i s  transported v i a  a canal o r  pipe 

t o  the shorel ine where merger w i th  the water body i s  accomplished by an 

open trough. An envi ronmental disadvantage o f  surface discharge f o r  

power p l a n t  appl icat ions i s  the po ten t ia l  f o r  the heated e f f l u e n t  t o  

f l o a t  out  over the surface o f  the waterway, i t s  buoyant propert ies 

causing re tardat ion o f  mixing act ion.  

10.3.1.2 SUBMERGED DISCHARGE 

An environmentally desirable a1 t e r n a t i  ve t o  the surface discharge t ha t  

promotes more rap id  and thorough mixing i s  the submerged discharge. 

The submerged discharge i s  designed t o  provide higher e x i t  ve l oc i t i es  

than the surface discharge. The opportuni ty f o r  the formation o f  an 



extensive f l o a t i n g  l a y e r  o f  heated water i s  s u b s t a n t i a l l y  reduced because 

s i g n i f i c a n t  mixing, fos tered by t h e  h igher  discharge ve loc i t y ,  i s  i n i -  

t i a t e d  below the r i v e r  surface. 

A submerged discharge may u t i l i z e  e i t h e r  a s i n g l e  e x i t  nozzle o r  any 

arrangement and number o f  i n d i v i d u a l  nozzles i n  a m u l t i p o r t  design. 

Nozzles may be arrayed f o r  cross- f low o r  co-f low mixing. 

10.3.2 ELIMINATION OF IMPRACTICAL ALTERNATIVES 

A l l  of the a l t e r n a t i v e  discharge systems are t e c h n i c a l l y  and economically 

v iab le .  Add i t i ona l l y ,  a1 1 are adaptable f o r  use a t  t he  S i t e .  

10.3.3 SPEC1 FICATIONS FOR REASONABLE ALTERNATIVES 

10.3.3.1 LOW MOMENTUM SURFACE DISCHARGE 

The sur face discharge a l t e r n a t i v e  f o r  t he  CRBRP i s  depicted i n  F ig-  

u re  10.3-2. A b.uried p ipe  t ranspor ts  the  p l a n t  e f f l u e n t  stream t o  the  

r i v e r ' s  edge where i t  emerges i n t o  a "V"-shaped open trough discharge 

s t r u c t u r e  pos i t ioned a t  735 f e e t  MSL. 

10.3.3.2 H IGH MOMENTUM SUBMERGED SINGLE PORT DISCHARGE 

Design o f  t he  submerged s i n g l e  p o r t  discharge system i s  i l l u s t r a t e d  i n  

F igure 10.3-3. The p l a n t  e f f l u e n t  f lows through a 12-inch diameter 

bu r ied  p ipe  which culminates i n  an 8- inch diameter e x i t  nozzle. Based 

on studies performed a t  the  S i t e ,  a submerged discharge depth o f  f o u r  

f e e t  below the minimum water l e v e l  o f  735 MSL was selected. Deeper 

l oca t ions  are  n o t  considered f e a s i b l e  due t o  the  extensive p i p i n g  i n t o  

the  r i v e r  t r a f f i c  channel t h a t  would be required.  The e x i t  nozzle i s  

o r i en ted  f o r  cross- f low mixing. Co-flow mix ing i s  n o t  advisable as the  

C l inch River  v a c i l l a t e s  considerably from u n i d i r e c t i o n a l  f l ow  as i nd i ca ted  
i n  Sect ion 2.5. 



10.3.3.3 HIGH MOMENTUM SUBMERGED MULTIPORT DISCHARGE 

The submerged multiport discharge alternative employs four ex i t  nozzles 
as shown i n  Figure 10.3-4. Piping from the plant and discharge depth 
are identical to  tha t  for the single port system. However, the supply 
pipe i s  oriented parallel  to  the r iver  so tha t  the perpendicularly 
mounted ex i t  nozzles produce cross-flow mixing. The nozzles are 4-inch 
diameter extensions t o  the supply pipe and are equally spaced a t  three 
foot intervals.  

10.3.4 ENVIRONMENTAL COSTS 

Mixing effectiveness is  the primary envi ronmental concern associated 
w i t h  the dis.charge system. Additional considerations include effects  
on navigation and aquatic l i f e  and the relat ive impacts of construction 
and aestheti cs fo r  the three a1 ternati  ves. 

-> 
' 10.3.4.1 MIXING EFFECTIVENESS 

A discharge plume study, included as the Appendix t o  Section 10.3, has 
been performed t o  predict the thermal and chemical mi xi ng characteris- 
t i c s  for  the a1 ternative systems. A1 though i t  ut i l izes  state-of-the-art 
mathematical models, this  study i s ,  a t  best,  a theoretical estimate of 
the anticipated discharge plumes. Results presented are subject t o  a 
degree of uncertai ni ty as i s  inherent in any attempt t o  apply mathemat- 
ical quantification to  environmental events. As the Clinch River i s  a 

, controlled water body, the discharge plume study takes into.  consider- 
ation the varying flow regimes of the river.  Plume formation i s  evaluated 
for  four cases representing both typi cal (flowing) and extreme (extended 

no flow) r iver  conditions. Typical cases considered include the high 
flow (5,068 cfs) which occurs i n  winter and the low flow (4,777 cfs) of 

sumner. Extreme cases are based on the longest historical period of 
no flow past the S i t e  and include a 29 day no-flow condition for  two 

\ 

'. /' 



d i f f e r e n t  months o f  t h e  yea r  -- February and Ju ly .  The complete l i s t  

o f  t he  r i v e r  condi t ions f o r  these f o u r  f low regime cases i s  presented 

i n  Table 10.3A-1. 

10.3.4.1.1 THERMAL PLUMES 

Thermal discharges from the CRBRP are conf ined t o  the  blowdown from the  

coo l i ng  tower basin. The coo l i ng  system i s  a r e c i r c u l a t i n g  type; thus, 

blowdown q u a n t i t i e s  are  small (on ly  1.3% o f  the  c i r c u l a t i n g  f l ow  o f  

coo l i ng  water).  

Col d-si  de b l  owdown i s  employed reducing the  discharge temperature ( a t  

design po in t :  76OF wet-bulb, 50% r e l a t i v e  humidi ty)  from the  condenser 

hot-water temperature o f  116 degrees F t o  the  coo l i ng  tower cold-water 

temperature o f  91 degrees F. Blowdown temperatures which are expected 

t o  occur a r e  shown i n  Table 3.4-4. 

Thermal plumes f o r  each o f  the  f o u r  r i v e r  f l ow  cases and discharge a l t e r -  

na t ives  are  represented by the  sur face and cross-sect ional  isotherms i n  

Figures 10.3A-4 t o  10.3A-13. As a consequence o f  the  r e l a t i v e l y  small 

blowdown flow, the  plumes are, i n  most cases, n e i t h e r  extensive i n  s i z e  

no r  character ized by l a rge  temperature increases. I n  most cases, plumes 

do no t  extend across the  f u l l  w id th  o f  t h e  r i v e r .  Maximum surface temp- 

era tures  w i t h i n  the plumes are  less  than 3.0 degrees F f o r  a l l  b u t  the  

surface discharge cases as i nd i ca ted  i n  Table 10.3A-6. The isotherm 

encompass'ing the  greates t  sur face acreage represents on ly  a one-hal f  

degree temperature r i se above ambient ri ver temperature. 

Surface Discharge 

Mix ing  e f fec t iveness f o r  t he  sur face discharge i s  h e a v i l y  dependent 

upon r i v e r  water l e v e l .  I n  summer, normal pool e leva t ion  i s  741 f e e t  

MSL, s i x  f e e t  above the  discharge trough. For t h i s  condi t ion,  the  

sur face discharge func t ions  as a low momentum submerged discharge. 



A comparison o f  the thermal plumes f o r  the February and Ju ly  extreme 

cases, shown i n  Figures 10.3A-4 and 10.3A-5, reveals t h a t  mixing 

ef fect iveness i s  increased i n  sumner (Ju ly ) .  A1 though the temperature 

d i f f e r e n t i a l  between blowdown and r i v e r  ambient i s  6 degrees F less 

i n  Ju l y  than February, the sumner mixing advantage i s  p r i m a r i l y  due 

t o  the submerged nature o f  the discharge. Isotherms representing 

20, 10 and 5 degrees F occupy measurable surface area f o r  the 

February case whi le  the highest  surface isotherm i n  Ju ly  i s  1.5 degrees 

F. Plume extent  i s  a lso  reduced. River volume a f fec ted  by the plume 

i s  reduced i n  summer: 1.83 acre-feet are contained w i t h i n  the 

February 1.25 degrees F isotherm compared t o  0.52 acre- feet  w i t h i n  

the 1.0 degree F isotherm i n  July,  as ind icated i n  Table 10.3-1. 

Submerged Single Por t  Discharge 

The advantages o f  discharging below the water surface are amp l i f i ed  

by the submerged s ing le  p o r t  discharge. Combining deeper l oca t i on  

( f ou r  f e e t  below the surface discharge) w i t h  higher e x i t  ve loc i t i es ,  

the submerged s i ng l e  p o r t  discharge provides a h igher degree o f  

mixing ef fect iveness than t h a t  possib le w i t h  the surface discharge. 

Under both extreme cases, February and July, thermal plumes produced 

by the s ing le  p o r t  system are cooler  and less extensive, as shown i n  

Figures 10.3A-9 and 10.3A-10. Under February no-f 1 ow condi t ions , 
the near f i e l d  region o f  h igh temperature d i f f e r e n t i a l  t h a t  occurs 

w i t h  the surface discharge i s  absent from the s ing le  p o r t  plume, as 

shown i n  Figures 10.3A-5 and 10.3A-9. Af fec ted r i v e r  volume i s  

reduced; compare the 0.82 acre- feet  contained w i t h i n  the s i ng l e  p o r t  

1.0 degrees F isotherm w i t h  the 1.83 acre- feet  w i t h i n  the surface 

discharge 1.25 degrees F isotherm shown i n  Table 10.3-1. I n  July,  

the advantages gained by greater  submersion depth and higher e x i t  

ve l oc i t y  are c l e a r l y  evident. The s ing le  p o r t  plume includes on ly  

the 0.5 degrees F isotherm encompassing less than 0.1 surface acre, 

as shown i n  Figure 10.3A-10, wh i le  the surface discharge (ac tua l l y  



submerged 5 fee t )  includes the 1.5, 1.0 and 0.5 degrees F isotherms 

comprising a total  of 0.3 surface acre, shown in Figure 10.3A-6. 

Under flowing water conditions, the submerged single port discharge 

provides a high degree of mixing effectiveness. Plume formation 

for  the typical case -- sunmer, Figure 10.3A-7, i s  limited to  the 

0.5 degree F isotherm and affects  less than 0.03 surface acre. 

Although the r iver  water level i s  reduced by f ive  f e e t  and the temp- 
erature different ial  i s  raised to  31 degrees F (from 24°F in summer), 

the typical case -- winter plume, Figure 10.3A-6, is  only 

0.5 degrees F warmer than the summer plume and i t s  downstream extent 

is limited t o  approximately 320 fee t .  

Submerged Multiport Discharge 

.. 
In the i r  general shape, the plumes produced by the submerged multi- 

port discharge are  similar to  those of the single port as a com- 

parison of Figures 10.3A-6 and 10.3A-10, 10.3A-7 and 10.3A-11, 

10.3A-8 and 10.3A-12 and 10.3A-9 and 10.3A-13, demonstrates. The 

use of four ex i t  nozzles resul ts  in greater i n i t i a l  plume entrainment 

area and, therefore, more rapid reduction in plume excess temperature 

(degrees F above r iver  ambient) in the near f i e ld  mixing zone. How- 

ever, due to  the small CRBRP discharge flow, these reductions are  

not substantial. Excess temperature a t  the point of surface impinge- 

ment for  the mu1 t ipor t  i s  a maximum of 0.30 degrees F below the single 

port values as shown in Table 10.3A-6. Plume extent, however, i s  

greater for  the multiport discharge due to  i t s  shorter trajectory 

lengths. The lower temperature isotherms spread out as more surface 

acreage i s  required to  provide dilution. ( A n  additional factor in 

the greater plume extents produced by the multiport discharge i s  

related to  the mathematics of the plume analysis i t s e l f  and is  
explained under ASSUMPTIONS in the Appendix to  Section 10.3.) 



10.3.4.1.2 CHEMICAL PLUMES 

Chemical const i tuents i n  the CRBRP discharge are dispersed i n  the r i v e r  

and form plumes o f  higher than ambient chemical concentrations i n  a 

manner s i m i l a r  t o  the waste heat discharges and subsequent isotherm 

development. Under t yp i ca l  ( f lowing water) condi t ions , the chemical 

isop le ths  produced by the s ing le  p o r t  and mu l t i po r t  systems are near ly - 
i den t i ca l  i n  concentrat ion r i s e  (percent d i f fe rence between i n i t i a l  

blowdown and ambient r i v e r  concentrat ions) w i t h  the mu l t i po r t  isop le ths  

a f f e c t i n g  greater  r i v e r  volumes as shown i n  Tables 10.3-2 and 10.3-3. 

During extended periods o f  no flow, chemical plumes f o r  a1 1 three d is -  

charge a l te rna t i ves  become q u i t e  extensive and produce r e c i r c u l a t i o n  o f  

higher than ambient chemical concentrations a t  the p l a n t  intake.  Chemi- 

ca l  concentrat ion increases i n  the plumes a f t e r  29 days no f low (extreme 

cases) are  the lowest f o r  the mu1 t i p o r t  discharge w i t h  the s i ng l e  p o r t  

isop le ths  approximately twice these values and the surface discharge 

fou r  times as high, as ind icated i n  Table 10.3-3. E levat ion o f  the 

cool ing system blowdown chemical concentrations occurs as a r e s u l t  o f  

r ec i r cu l a t i on .  The highest  i ncreases i n  blowdown chemical concentrations 

are produced by the surface discharge w i t h  the s ing le  p o r t  and m u l t i p o r t  

producing lower values, as shown i n  Table 10.3A-9. 

10.3.4.2 EFFECTS ON NAVIGATION 

No s i g n i f i c a n t  navigat ional  e f f ec t s  for  the reference system are a n t i c i -  

pated. The surface discharge does no t  extend i n t o  the r i v e r  and w i l l  

no t  a f f ec t  navigation. Although i t  i s  a more extensive underwater 

s t ruc ture ,  the mu1 ti p o r t  discharge should not  mater ia l  l y  a f f e c t  -navi-  

gat ion as i t  does no t  protrude i n t o  the r i v e r  t r a f f i c  channel. 

10.3.4.3 EFFECTS ON AQUATIC LIFE 

Discharge system r e s p o n s i b i l i t y  f o r  aquatic l i f e  impact i s  p r i m a r i l y  
. ' \  

~~.-./ 
confined t o  the ef fect iveness of mix ing discussed i n  Section 10.3.4.1 as 



e f f l u e n t  q u a l i t y  and q u a n t i t y  a re  beyond i t s  con t ro l .  E f f e c t s  on aquat ic  

l i f e  o f  the  p l a n t  thermal and chemical e f f l u e n t s  are addressed i n  the  

appropr ia te  sect ions (Heat D iss ipa t ion ,  Sect ion 5.1 ; Chemical and Bioc ide 

Discharges, Sect ion 5.4, e t c .  ) 

An area o f  p o t e n t i a l  aquat ic  impact t h a t  d i r e c t l y  r e l a t e s  t o  the  mix ing 

funct ion o f  the  discharge system i s  the  impact ion o f  t he  r i v e r  bottom 

by the  thermal plumes produced dur ing  the  February extreme case o f  29-day 

no flow. As i l l u s t r a t e d  by the  cross-sect ional  isotherms i n  F ig-  

ures 10.3A-4, 10.3A-8 and 10.3A-12, each o f  t he  discharge a1 te rna t i ves  

w i l l  a f f e c t  a p o r t i o n  o f  t h e  bottom. The h ighest  temperature isotherm 

impinging the  bottom occurs f o r  the  sur face discharge. However, i t  

represents a temperature increase o f  l ess  than 1.25 degrees F. Tempera- 

t u r e  e levat ions  above ambient o f  t h i s  magnitude w i l l  n o t  adversely a f f e c t  

benth ic  l i f e ,  as i n d i c a t e d  i n  Sect ion 5.1. Cross-sect ional isotherms 

impinging the  bottom f o r  the s i n g l e  p o r t  and m u l t i p o r t  systems are  lower 

than the  1.25 degrees F value f o r  t he  sur face discharge. 1 
10.3.4.4 CONSTRUCTION EFFECTS 

Each o f  t he  a l t e r n a t i v e  discharge systems would necess i ta te  some d i s -  

r u p t i o n  o f  l o c a l  r i v e r  cond i t ions  dur ing  const ruc t ion .  E f f e c t s  o f  con- 

s t r u c t i o n  on r i v e r  f low, s i l t a t i o n  and aquat ic  l i f e  f o r  t he  selected 

system are discussed i n  sec t i on  4.1. No permanent adverse impact t o  

the  r i v e r  i s  an t ic ipa ted.  O f  t he  th ree a l te rna t i ves ,  t he  sur face d i s -  

charge would have t h e  smal lest  impact as no p i l e  d r i v i n g  o r  cofferdam 

const ruc t ion  i s  required.  Both submerged discharges invo lve  these pro- 

cedures; however, as the  s i n g l e  p o r t  system w i l l  n o t  pose a s i g n i f i c a n t  

const ruc t ion  concern, none would be expected o f  t he  mu1 ti p o r t .  

10.3.4.5 AESTHETICS 

The sur face discharge s t r u c t u r e  emerges from a bu r ied  p ipe  i n t o  an open 

trough a t  t h e  r i v e r ' s  edge. During the w i n t e r  months, i t  would be 



exposed t o  view and, therefore,  would present a v isua l  obst ruc t ion t o  

the shorel ine. Both submerged discharges, however, are below the  r i v e r  

surface and out  o f  s igh t .  

10.3.5 ECONOMIC COSTS 

Economic costs f o r  the discharge sys tem a1 t e r n a t i  ves are presented i n  

Table 10.3-4. The surface discharge i s  the l e a s t  expensive a1 t e r n a t i  ve 

whi le  the mu l t i po r t  i s  the  most cost ly .  

10.3.6 COMPARISON OF ALTERNATIVES 

10.3.6.1 DIRECT COMPARISON OF REASONABLE ALTERNATIVES 

A summary of the environmental and economic costs for  the discharge 

a l te rna t i ves  i s  presented i n  Table 10.3-5. I n  terms o f  overa l l  environ- 

mental costs, the submerged s i ng l e  p o r t  discharge emerges as the pre- 

f e r r ed  system whi le  the surface discharge i s  the economically desirable 

a1 ternat ive .  

Thermal mix ing effect iveness for  the submerged s ing le  p o r t  discharge i s  

super ior  t o  e i t h e r  the surface o r  mu l t i po r t  systems. Surface discharge 

performance i s  hampered by i t s  poor mix ing po ten t i a l  dur ing w in te r  

when i t  s p i l l s  heated e f f l uen t  over the surface o f  the r i v e r  c reat ing 

high temperature regions i n  the near f i e l d  mix ing zone, as shown i n  

Figure 10.3A-4. The small s i ze  o f  the CRBRP discharges masks the near 

f i e l d  mix ing advantage general l y  demonstrated by the mu1 t i  p o r t  design. 

S im i la r  excess temperature reductions are, therefore, produced by the 

s ing le  p o r t  system whi le  the m u l t i p o r t  d isplays greater  surface area 

entrainment f o r  the f a r - f i e l d  mixing zone. 



I n  chemical mixing, the  s i n g l e  p o r t  discharge holds a  small  advantage 

over the  m u l t i p o r t  f o r  f l ow ing  water cond i t ions  wh i l e  the  reverse i s  

t r u e  f o r  the  no-f low cases,. The sur face discharge i s  considerably l ess  

e f f e c t i v e  than e i t h e r  o f  these systems. 

Navigat ion, aquat ic  l i f e ,  const ruc t ion  and aes the t i c  e f f e c t s  are s i m i l a r  

f o r  a l l  th ree a l te rna t i ves .  The sur face discharge has a  s l i g h t  advantage 

f o r  nav igat ion  and const ruc t ion  whi l e  the  submerged discharge sys tems 

are p re fe r red  i n  terms o f  aquat ic  l i f e  impact and aesthet ics.  

Economic cos t  d i f f e r e n t i a l s  between the  th ree a l t e r n a t i v e s  are n o t  sub- 

s t a n t i a l  w i t h  on ly  a  $10,000 i n t e r v a l  between the  lowest and h ighest  

cos t  sys tems . 

As mix ing e f fec t iveness i s  the  p r i n c i p a l  environmental concern associated 

w i t h  the  discharge system, the sur face discharge i s  considered t h e  l e a s t  

des i rab le  a1 t e r n a t i v e  s ince the  substant i  a1 l y  super io r  mix ing p o t e n t i a l  f 
o f  the submerged s i n g l e  p o r t  discharge can be obtained f o r  on ly  an 

a d d i t i o n a l  $4,000. For an add i t i ona l  $6,000, the  mu1 ti p o r t  system can 

be purchased. However, i t s  mix ing  e f fec t iveness i s  s i m i l a r  t o  t h e  

s i n g l e  p o r t ' s  f o r  chemical e f f l u e n t s  and i s  i n f e r i o r  f o r  thermal d i s -  

charges. On a  cos t -e f fec t i ve  basis, therefore,  t he  s i n g l e  p o r t  discharge 

i s  t h e  p re fe r red  system. 

10.3.6.2 REASONS FOR SELECTION OF CHOSEN SYSTEM 

The h igh  momentum submerged s i n g l e  p o r t  discharge i s  the  selected system 

f o r  the CRBRP. It provides a  h igh  degree o f  mix ing e f fec t iveness under 

both t y p i c a l  and extreme r i v e r  cond i t ions  and ensures a  r a p i d  reduct ion  

i n  b l  owdown excess temperature and adequate d i  1  u t i o n  o f  chemical 

e f f l u e n t s .  



TABLE 10.3-1 

RIVER VOLUME AFFECTED* BY THERMAL PLUMES 

Surface Discharge Submerged Single Por t  Submerged Mu1 ti p o r t  

(acre- feet)  (acre-feet) (acre- feet)  

Isotherms ( O F )  0.5 - 1 .O - 1.5 - 0.5 - 1 .O - 1.5 0.5 - 1 .o - 1.5 - 
Typical Case - - - - - - 1.64 0.26 <0.01 3.34 0.27 <0.01 
-- Winter 

Typical Case - - - - - - 0.25 ~ 0 . 0 1  <0.01 1.89 ~ 0 . 0 1  ~ 0 . 0 1  
-- Summer 

A 

0 Extreme Case - - 1.83** + 0.82 0.14 1.68 0.38 <0.01 
0 
I 
-I 

-- February 
N 

Extreme Case 0.75 0.52 0.24 0.79 <0.01 <0.01 2.60 <0.01 <0.01 
-- Ju ly  

*Surface acreage  a able 7, Appendix 10.3) mu1 t i p l i e d  by depth o f  mixed layer  (Table 6, Appendix 10.3) 

**At 1 .25 degrees F isotherm 

+Mathematical model employed cannot handle boundary e f f ec t s  caused by the impingement o f  the 0.5 degree 

F isotherm w i t h  the opposite shore 
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TABLE 10.3-3 

RIVER VOLUME AFFECTED* BY CHEMICAL PLUMES FOR 

NON-BLOWDOWN CHEMICAL CONSTITUENTS** 

Surface Discharge Submerged Single Por t  Submerged Mu1 t i p o r t  

l sop l  eth' Vol ume Isop l  e th  Vol ume Isop l  e t h  
(%) 

Vol dme 
(acre- feet)  (%) (acre-feet) (%) (acre- feet)  

Typical Case - - - - 1.6 1.64 1.6 3.34 -- Winter 
( f l ow = 5,068 c f s )  

Typical Case - - 
-- Summer 

( f low = 4,777 cfs)  
-I 

o Extreme Case 5.9 0.55 l o 4  3; 1 1.43 l o 4  1.6 0.65 l o 4  
C;' -- February 
-I 

P (29 day no f low)  

Extreme Case 5.9 0.55 l o 4  3.5 1.23 x l o 4  1.9 1.20 l o 4  
-- Ju ly  

(29 day no f low) 

*Surface acreage (Table 10, Appendix 10.3) m u l t i p l i e d  by depth o f  mixed layer  (Table 6, Appendix 10.3) 

**CRBRP e f f l uen t  streams not  affected by the coo l ing system concentrat ion f ac to r  o r  r e c i r c u l a t i o n  
inc lude the discharges of the biocide, l i q u i d  radwaste and san i ta ry  waste systems. 

'Isopleths represent percent d i f fe rence between e f f l  uent and ambient r i v e r  chemical concentrations 



TABLE 10.3-4 

CAPITAL COSTS FOR DISCHARGE SYSTEM ALTERNATIVES 

Submerged Submerged 
Surface Discharge Single Port Multiport 

Material Costs Base $1,000 $2,000 

Installation Cost Base $5,000 $8,000 

Total Differential Base $6,000 $10,000 
Capital Cost 

Operating Cost Same Same Same 
(Pumping Requirement) 



TABLE 10.3-5 

SUMMARY OF ENVIRONMENTAL AND ECONOMIC COSTS 

FOR THE DISCHARGE ALTERNATIVES 

Surface Submerged 
Environmental Costs Discharge S ing le  Po r t  

Mix ing  Ef fec t iveness  

- Typ ica l  Case - Winter - - Excel 1 en t  
- Typical  Case - Summer - - Good 
- Extreme Case - February Poor Good 

Extreme Case - J u l y  F a i r  Very Good 

Chemical : 

- Typical  Case - Winter - - B e t t e r  
- Typical  Case - Summer -- Be t te r  
- Extreme Case - February F a i r  Good 
- Extreme Case - J u l y  F a i r  Good 

Navigat ion E f f e c t s  None S l i g h t  

Aquatic L i f e  E f f e c t s  Some Less 

Construct ion E f f e c t s  Very S l i g h t  S l i g h t  

Aes thet ic  E f f e c t s  Some None 

Economic Costs 

Cap i ta l  Cost 

Lowest Lower 

Lowest Lower 

Submerged 
Mu1 ti p o r t  

Good 
Good 
Good 
Good 

Good 
Good 
B e t t e r  
B e t t e r  

S l i g h t  

Less 

S l i g h t  

None 

Low 

Low 
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Figure 10.3-4 SUBMERGED MULTIPORT DISCHARGE ALTERNATIVE 



10.4 CHEMICAL WASTE TREATMENT SYSTEM 

The Chemical Waste Treatment System provides f a c i  1 i ti es f o r  c o l l  ect ion,  

treatment and d isposal  o f  CRBRP non-radioact ive process wastes. It 

must handle mu1 t i p l e  waste streams o f  vary ing  volumes, types and f r e -  

quencies. As such i t  i s  n o t  composed o f  a s i n g l e  d i s c r e t e  f a c i l i t y ,  

b u t  instead, represents the  i n t e g r a t i o n  o f  f i v e  subsystems each o f  which 

i s  designed t o  process a p a r t i c u l a r  category o f  wastes. 

A pr imary environmental concern associated w i t h  the  Chemical Waste 

Treatment System i s  the  e f f e c t  o f  i t s  l i q u i d  e f f l u e n t  discharge on the  

water qua1 i t y  and aquat ic  1 i f e  o f  t he  C l i nch  River .  Secondary concerns 

i nc lude  d isposal  o f  sludges and environmental costs r e l a t e d  t o  the  

operat ion o f  treatment processes. 

The Chemical Waste Treatment System i s  designed t o  comply w i t h  app l i cab le  

Federal and Sta te  requirements as i nd i ca ted  i n  Table 10.4-1 and i s  

fur thermore designed t o  minimize environmental impacts cons is ten t  w i t h  
I )  

t h e  benef i t -cos t  balance. 

The Chemical Waste Treatment System selected f o r  t h e  CRBRP i s  depicted 

i n  F igure 10.4-1. 

I n  view o f  t he  composite nature o f  t h e  Chemical Waste Treatment System, 

t h e  a1 te rna t i ves  study does n o t  i nvo lve  the  examination o f  completely 

d i f f e r e n t  systems bu t  r a t h e r  the  cons idera t ion  o f  f u r t h e r  treatment pro- 

cedures t h a t  w i l l  y i e l d  add i t i ona l  environmental bene f i t s .  The a l t e r -  

na t ives  are: 

1. Mechanical dewatering o f  c l a r i f i e r  blowdown; 

2.  Reverse osmosis i n  makeup water treatment system; and 

3 .  Zero discharge o f  surge and n e u t r a l i z i n g  tank e f f l u e n t .  
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10.4.1 DESCRIPTION OF ALTERNATIVES 

To f a c i l i t a t e  the description of alternatives and to  c la r i fy  the i r  
relation to  the system as a whole, a description of the reference 
(selected) Chemical Waste Treatment System wi 11 precede the presenta- 
tion of the a1 ternatives. 

10.4.1.1 REFERENCE SYSTEM DESIGN 

10.4.1.1.1 WASTE STREAMS 

As previously noted, the proposed chemical waste treatment system 
handles waste streams tha t  vary widely i n  volume, type and frequency. 
These may be divided into two major categories based on volume of 
waste to  be treated: cool ing tower blowdown (intermediate volume 
stream) and plant wastes (low volume stream). The plant wastes are 

' 1 further subdivided into four identifiable and interrelated waste stream 
categories: storm water, recycled wastewater, non-recycled wastewater 
and sol id  wastes. 

The source of a l l  waste streams, the anticipated frequency and average 
and maximum quantit ies of these wastes are identified in Table 10.4-2. 

Cool i ng Tower Bl owdown 

Cooling tower blowdown i s  the largest continuous waste stream pro- 
duced during plant operation. The quantity of cooling tower blowdown 
depends on reactor power leve l ,  ambient temperature and humidity, 
d r i f t  losses and the concentration of sol ids i n  the makeup water. 
Generally, the blowdown i s  continuous during normal operation and 
for  fu l l  power operation varies from a summer time average of 
3,100 gpm to a winter average of 2,300 gpm. Blowdown temperature 
also varies from 90 to 74 degrees F. 



During operation of the cooling tower, the combination of evaporation, 
d r i f t ,  makeup and blowdown resul ts  i n  a buildup in the concentration 
of dissolved sol ids  i n  the cooling system. Bicarbonate alkal ini ty  i n  

the cooling system also increases. The increase in alkal ini ty  resul ts  
in an increase in pH and carbonate concentrations. As pH and carbo- 
nate concentrations increase, the solubi l i ty  of calcium carbonate 
decreases resul ting in a cal ci um carbonate scale. Scal i ng of the 
condenser heat t ransfer  surfaces resul ts  in a gradual decrease in 
plant operating efficiency and eventual loss of generating capacity. 
To preclude th i s  loss ,  the blowdown rate  i s  controlled to  maintain 
the concentration of dissolved solids i n  the cooling system a t  
approximately 2.5 times the r iver  water dissolved sol ids concentra- 
t ion. The normal range of dissolved sol ids concentration in the 
blowdown will be approximately 220 to  360 mg/l. Calcium carbonate 
scaling conditions are not anticipated during normal operation of 
the CRBRP. 

Use of corrosion inhibitors i n  the cooling water will not be required 
since the blowdown ranges from chemically balanced to  only s l ight ly  
scale forming. I t  should be noted that  the cooling water system 
services not only the main condenser b u t  other plant auxiliary 
cooling systems. 

No wood will be used in the cooling tower construction. Therefore, 
chemical wood preservatives will not be extracted and discharged to 
the river.  

The makeup water coming from the r iver  will contain various types of 
microbiological organisms. Biological growth on heat transfer sur- 
faces causes fouling which reduces heat transfer and creates a loss 
i n  efficiency. The service l ifetime of the cooling system components 
will also be decreased, since algae, s l  imes and bacteria a1 1 increase 
the corrosion rate of metal surfaces. To prevent deposits from 



forming, a biocide system will be employed. T h i s  system and a l te r -  
natives are discussed i n  Section 10.5. 

Pl a n t  Wastes 

Storm Water 

Storm water is comprised of rainwater collected by roof drains 
and yard drains. The quantity of runoff i s  a function of rainfal l  
intensi ty ,  frequency, duration, s i t e  topography, vegetation, con- 
dit ion of soi l  and general layout of buildings, roads and other 
paved areas. Runoff from road and parking areas may contain o i l  
from accidental spi 11 s . 

Outdoor o i l  and chemical storage tanks, unloading faci l  i t i e s  and 
the transformer area are provided with dikes designed to  retain 
leakage or  spil lage from th i s  equipment. This will preclude the i r  
entry into the yard drain system. 

Recycled Waste Water 

With appropriate treatment, the 1 iquid effluent from several waste 
streams i s  potentially recyclable and can be directed to  the 
cooling tower basin thus reducing plant water consumption. The 
recycle waste streams consist of the following: 

F i l t e r  and Demineralizer Backwashes--The Makeup Water 
Treatment System produces demineralized water for  con- 
densate makeup and laboratory use and provides the plant 
potable water supply. I t  includes sand f i  1 t e r s ,  activated 
carbon f i  1 t e r s  and demineral izers . A1 1 col 1 e c t  some 
suspended sol ids i n  t h e i r  beds during operation. During 
s tar tup the f i l t e r s  and demineralizers are each back- 

washed once a day f o r  about 15 minutes. The total  of 



these backwashes consists of a maximum of 18,000 gpd 

containing 1 ess than one pound of suspended sol ids.  

2. Clar i f ie r  Blowdown--The Makeup Water Treatment System 

employs a c l a r i f i e r  which produces a sludge blowdown. 

The amount varies from 300 to 3,600 gpd and consists of 

r iver  water, suspended sol ids and aluminum hydrate. 

Blowdown wi 11 be directed to  sludge drying beds for  

dewatering. This will r e su l t  in a solid waste of 50 to  

600 pounds per day, as well as a recycled liquid of 

285 to  3,240 gpd. 

3. Non-Radioactive Floor Drainage--The building f loor  drains 

co l lec t  a wastewater tha t  requires processing fo r  o i l  

removal. This water will be similar to  r iver  water and 

may contai n a higher concentration of suspended sol ids .  

Expected flow from the f loor  drains i s  less  than 10,000 gpd. 

4. Neutralizing and Set t l ing Faci l i ty  Effluent--Effluent 

from the sludge drying beds, demi neral i zer and f i 1 t e r  

backwashes and f loor  drain water (fol lowing o i l  separa- 

t ion)  a re  sent  to  the neutralizing and se t t l i ng  f a c i l i t y .  

Suspended solids are  se t t led  and pH i s  adjusted. The 

effluent from the f a c i l i t y  i s  anticipated to  be similar 

to  r iver  water and less  than 30,000 gpd. I t  i s  estimated 

tha t  the quantity of se t t led  solids will be quite small 

and solids will be removed once or twice a year. These 

sol ids  will be sent to  the solid waste handling f ac i l i t y .  

Non-Recycl ed Waste Water 

Process waste streams.which are  not readily recycled are:  

1. Condensate Polishing System Wastes--The r inses ,  back- 

washes and regenerant wastes from the condensate 

polishing system will range from approximately 3,000 



t o  40,000 gpd of high so l ids  wastewater. Concentration 
of dissolved so l ids  i n  t h i s  stream wil l  be from 8,000 t o  
14,000 mg/l . About 90 percent of these sol ids wi l l  be 
sodium su l f a t e  and the remaining 10 percent wil l  be 
primarily i ron,  calcium and magnesium w i t h  some t races  
of nickel and copper. 

2. Makeup Water Treatment System Demineralizer Regenerant 
Waste--This waste stream wil l  be s imi la r  to  the Condensate 
Polishing System ef f luen t  except t ha t  the quanti ty i s  
expected t o  be a maximum of 10,000 gpd w i t h  an average 
of 1,000 gpd. 

3. Auxiliary Steam Generator Blowdown--During s ta r tup ,  a 
small generator i s  used and approximately one gpm of blow- 
down wil l  be produced. The blowdown will  be a lkal ine ,  
pH 9.0 t o  9.5 and the  temperature wi l l  be approximately 
250 degrees F. I t  wi l l  contain approximately 200 mg/l 
dissolved so l ids  and 0.5 mg/l ammonia. Hydrazine wi l l  
be used as  an oxygen scavenger i n  the  generator water. 
Hydrazine decomposes t o  nitrogen and ammonia and does 
not produce suspended so l ids  i n  the  reaction.  

4. Secondary Plant Laboratory and Sampling Wastes--These 
wastes w i  11 be non-radioactive chemical wastes produced 
by laboratory analysis  of the t reated water systems and 
the various samples from the  monitoring program. The 
volume of this wastewater is expected t o  be re la t ive ly  
ins ign i f ican t ,  l e s s  than 1,000 gpd. 

5. Surge and Neutralization Tank Effluent--Control of pH 
and flow r a t e  of waste from makeup water treatment 
demineralizer regeneration, condensate polishing system 
regeneration, auxi l iary  steam generator blowdown and 
lab and sampling wastes i s  accomplished i n  a surge and 
neutral izing tank. Neutralized wastewater is 



character ized by h igh  so l  i ds concentrat ions (up t o  
10,000 mg/l). The maximum f l ow  expected from t h i s  

tank occurs dur ing  p l a n t  s t a r t u p  and can be as h igh  

as 50,000 gpd. Average d a i l y  e f f l u e n t  i s  expected 

t o  be less  than 5,000 gpd. 

6. Chemical Cleaning Wastes--Periodic chemical c lean ing 

o f  l a r g e  components such as t h e  A u x i l i a r y  Steam 

Generator and Condenser w i l l  be required.  This 

c leaning i s  done i n  several stages and the  chemicals 

used depend on the  metal lu rgy .  A t y p i c a l  procedure 

invo lves  a l k a l i n e  and a c i d  washings and r i n s i n g  and 

n e u t r a l i z i n g  and pass iva t ing  r inses .  The volume o f  

these wastes i s  expected t o  be i n  the  order  of 

500,000 gal 1 ons . Chemical c leaning wastes w i  1 1 be 

disposed o f  o f f - s i  t e  by a state-approved, 1 i censed 

cont rac tor .  

S o l i d  Wastes 

S o l i d  wastes from the  coo l i ng  tower basin, n e u t r a l i z i n g  and 

s e t t l i n g  f a c i l i t y  and sludge dewatering beds w i l l  be processed by 

t h e  so l  i d  waste hand1 i ng f a c i  1 i ty. 

10.4.1.1.2 PROCESS DESCRIPTION 

A f l o w  diagram o f  t h e  reference chemical waste treatment system i s  shown 

i n  Figure 10.4-1. F i ve  major subsystems comprise the  chemical waste 

treatment system. These are t h e  coo l i ng  tower blowdown, storm water, 

recycled wastewater, non-recycled wastewater and s o l i d  waste handl ing 

subsys tems . 



Cool ing Tower Blowdown Treatment Subsystem 

The cool i n g  tower blowdown t reatment  subsys tern i s  designed t o  s a t i s f y  

a l l  e f f l u e n t  gu ide l i nes  presented i n  Table 10.4-1. Contro l  o f  temp- 

eratures,  pH and res idua l  b i o c i d e  i s  provided. No o i l  o r  grease i s  

expected i n  the  blowdown. To ensure compliance w i t h  proposed suspended 

s o l i d s  gu ide l ines  i d e n t i f i e d  i n  Table 10.4-1, blowdown t reatment  v i a  

f i l t r a t i o n ,  sedimentat ion tanks o r  s e t t l i n g  ponds may be requ i red .  

Storm Water Treatment Subsystem 

Storm water c o l l e c t e d  by the  r o o f  and y a r d  d ra ins  i s  sent  t o  a catch 

basin. Catch bas in  e f f l u e n t  i s  discharged t o  t h e  C l i n c h  R iver  v i a  a 

separate l i n e ,  l oca ted  below the  normal low water l e v e l  maintained i n  

the  catch basin. A po r tab le  o i l  skimmer w i l l  be a v a i l a b l e  i n  case a 

v i s i b l e  o i l  s l i c k  appears on t h e  sur face  o f  the  catch basin. Any o i l  

c o l l e c t e d  w i l l  be disposed o f  o f f - s i  te .  

Recycled Wastewater Treatment Subsystem 

The recyc led  wastewater t reatment  subsystem prov ides f i n a l  t reatment  

f o r  a1 1 recyc led  waste streams and p re l im ina ry  t reatment  o f  o i l -  

contaminated wastewater and c l a r i f i e r  b l  owdown. 

P l a n t  waste streams a re  segregated by source and chemical composit ion. 

I f  o i l  contaminat ion i s  detected, t he  stream i s  sent  t o  an o i l  sepa- 

r a t o r .  The major i n p u t  t o  t he  o i l  separator  comes from t h e  non- 

r a d i o a c t i v e  f l o o r  d ra ins .  A f t e r  t reatment,  t he  separator  e f f l u e n t  i s  

sent  t o  t h e  n e u t r a l i z i n g  and s e t t l i n g  f a c i l i t y ;  t he  c o l l e c t e d  o i l s  

a re  reclaimed o r  disposed of as i s  appropr ia te.  

A sludge~blowdown i s  produced by the  Makeup Water Treatment System 

c l a r i f i e r .  Mo is tu re  content  o f  t he  sludge i s  reduced i n  g r a v i t y  



sludge d ry ing  beds. The l i q u i d  e f f l u e n t  i s  sent t o  the n e u t r a l i z i n g  

and s e t t l i n g  f a c i l i t y  and the  sludge cake t o  the  s o l i d  wastes handl ing 

subsystem. 

The n e u t r a l i z i n g  and s e t t l i n g  f a c i l i t y  provides f i n a l  t reatment o f  

recyc l  ed wastewater and i s  comprised o f  a 60,000 ga l  1 on capac i ty  

s e t t l i n g  tank and pH adjustment equipment. The i n f l u e n t  stream i s  

n e u t r a l i z e d  t o  a pH range of 6.0 t o  9.0. The e f f l u e n t  i s  recyc led  

t o  the  coo l i ng  tower basin thus reducing Cool ing System makeup water 

requ i  remen t s  . 

Non-Recycl ed Wastewater Treatment Subsystem 

Treatment processes f o r  non-recycled waste streams inc lude  n e u t r a l i -  

za t i on  and f i l t r a t i o n .  The surge and n e u t r a l i z i n g  tank i s  a 

60,000 ga l l on  capac i ty  u n i t  t h a t  delays the  passage of the h i g h l y  

a c i d i c  and basic  wastewaters t h a t  r e s u l t  from demineral izer  regenera- 

t i on .  E f f l u e n t  from the  tank i s  a neut ra l i zed ,  b u t  h igh  t o t a l  d i s -  

solved s o l i d s  (TDS) stream. I t  i s  sent  t o  a f i l t r a t i o n  u n i t  t o  

p rov ide  suspended s o l  i d s  reduc t ion  t o  30 mg/l . The f i n a l  l i q u i d  

e f f l u e n t  i s  discharged t o  the  coo l ing  tower blowdown l i n e .  Sludges 

from the f i l t r a t i o n  u n i t  are processed by the  s o l i d  waste handl ing 

subsystem. 

S o l i d  Waste Handling Subsystem 

S o l i d  wastes from the  coo l i ng  tower basin, g r a v i t y  sludge dewatering 

beds, n e u t r a l i z i n g  and s e t t l i n g  tank and non-recycled wastewater 

f i l t r a t i o n  u n i t  a re  c o l l e c t e d  and processed by the  s o l i d  waste 

hand1 i n g  subsystem. F ina l  waste d isposal  w i  11 be by a state-approved, 

1 i censed con t r a c t o r .  



10.4.1.2 ALTERNATIVES 

Three areas within the chemical waste treatment system were considered 
potentially applicable to  further treatment: the c l a r i f i e r  blowdown, 
the volume of regenerant' wastes produced and the surge and neutralizing 
tank effluent.  Each of the alternatives presented i s  designed to reduce 
the volume and/or improve the quality of i t s  associated waste stream 
thus enhancing the overall environmental performance of the chemical 
waste treatment system. (Relative performance of several of the a l t e r -  
natives i s  included within Table 10.4-3. ) 

10.4.1.2.1 MECHANICAL DEWATERING OF CLARIFIER BLOWDOWN 

Gravity sludge drying beds generally produce a sludge tha t  i s  20 to  
40 weight-percent solids.  Percentage achieved i s  a function of reten- 
tion time and meteorological conditions. Mechanical dewatering i s  an 

', 1 alternat ive that  often produces a more compact and dryer sludge. The 

environmental advantages of th i s  process include reduction in solid 
waste volume and a s l igh t  increase of recyclable water. 

Two mechanical dewatering methods may be ut i l ized:  rotary vacuum f i l t r a -  

tion or centrifugation. Both require a thickener fo r  pretreatment of 
the sludge. 

10.4.1 .2.. 2 REVERSE OSMOSIS IN MAKEUP WATER TREATMENT SYSTEM 

The waste stream containing the highest level of impurities i s  the non- 
recycled wastewater. One method of further t reat ing this stream i s  to  
reduce i t s  volume a t  the source. Demineralizers a re  employed by the 
Makeup Water Treatment System t o  obtain the high quality water required 
fo r  condensate makeup. Approximately biweekly regeneration of the 
demineralizer beds i s  needed. This produces a 1,000 gpd average, 

10,000 gpd maximum i n p u t  t o  the non-recycled waste stream.- Frequency 
\ 

L 
/ 



o f  regenerat ion and, consequently, t h e  volume o f  wastewater can be 

reduced by p rov id ing  pret reatment  o f  the  demineral izer  i n f l u e n t  through 

reverse osmosis. 

Reverse osmosis reduces t h e  d isso lved s o l i d s  content  o f  water  by revers ing  

the  process o f  na tu ra l  osmosis through pressure- forced f l ow  across a 

semipermeable membrane. The products o f  reverse osmosis a re  a low TDS 

e f f l u e n t  and a h igh  TDS b r ine .  

10.4.1.2.3 ZERO DISCHARGE OF SURGE AND NEUTRALIZING TANK EFFLUENT 

A second a l t e r n a t i v e  method o f  t r e a t i n g  the  non-recycled waste stream i s  

t o  p rov ide  a l e v e l  o f  a d d i t i o n a l  t reatment t o  the  surge and n e u t r a l i z i n g  

tank e f f l u e n t  t h a t  w i l l  r e s u l t  i n  zero discharge t o  t h e  C l i nch  River.  

Three processes t h a t  accomplish t h i s  a re  i d e n t i f i e d :  o f f - s i t e  t reatment  

a t  an e x i s t i n g  f a c i  1  i ty, on-s i  t e  p e r c o l a t i o n  ponds and evaporat ion. 

O f f - S i  t e  Treatment 

The processing o f  non-recycl ed wastewater a t  an e x i s t i n g  t reatment  

f a c i l i t y  i s  a p o t e n t i a l  means of  achiev ing zero discharge a t  t he  s i t e .  

A s u i  tab1 e f a c i  1  i ty capable o f  hand1 i ng the  increased 1 oad w i thou t  

s u f f e r i n g  l oss  o f  e f f i c i e n c y  and loca ted c lose enough t o  keep p ipe-  

l i n e  cons t ruc t i on  and pumping costs reasonable i s  requi red.  P re t rea t -  

ment standards (EPA) would have t o  be met. 

Perco la t ion  Ponds 

Perco la t ion  ponds would u t i l i z e  the  na tu ra l  a s s i m i l a t i v e  capac i ty  o f  

s o i l  t o  t r e a t  t h e  surge and n e u t r a l i z i n g  tank e f f l u e n t  p r i o r  t o  i t s  

e n t r y  i n t o  t h e  groundwater supply. 



Successful appl i c a t i o n  o f  ground discharge requ i res  su i  tab1 e s o i  1 

composition and depth such t h a t  a n t i c i p a t e d  waste loadings can be 

app l ied  w i thout  c logging o r  back-up. Soi 1s sub jec t  t o  s h o r t - c i r c u i t i n g  

w i t h  at tendant  i n t r o d u c t i o n  o f  inadequately t r e a t e d  wastes i n t o  ground 

water suppl ies must be avoided. (1 1 

Evaporation 

An evaporat ion process can be employed t o  produce a h igh  q u a l i t y  , 

l i q u i d  e f f l u e n t  t h a t  i s  s u i t a b l e  f o r  recycle.  The evaporat ion pro- 

cedure i s  a form o f  d i s t i l l a t i o n  i n  which t h e  wastewater i n f l u e n t  i s  

vaporized and then condensed. Typ ica l  TDS l e v e l s  f o r  t he  condensate 

are  i n  t h e  order  o f  10 mg/l. By-products o f  t he  evaporat ion cyc le  

a re  a concentrated b r i n e  and some re lease o f  chemicals t o  the  atmos- 

phere. The evaporat ion process would n o t  on l y  prov ide  zero re lease 

o f  h igh  TDS e f f l u e n t  t o  the  r i v e r  b u t  a l so  reduce makeup water 

requirements through recyc le  o f  the  1 i q u i d  e f f l u e n t  t o  the  coo l ing  

tower basin. 

10.4.2 ELIMINATION OF IMPRACTICAL ALTERNATIVES 

10.4.2.1 MECHANICAL DEWATERING OF CLARIFIER BLOWDOWN 

Sludge dewatering by e i t h e r  vacuum f i l t r a t i o n  o r  c e n t r i f u g a t i o n  are 

a l t e r n a t i v e s  t o  the  g r a v i t y  sludge d ry ing  beds. However, t h e  smal les t  

commercial u n i t s  a v a i l a b l e  f o r  e i t h e r  process are  much l a r g e r  than t h a t  

required. This w i l l  necess i ta te  ba-tch t reatment  o f  t h e  sludge, a pro- 

cedure t h a t  demands continuous operator  a t ten t i on .  Other disadvantages 

of th icken ing w i t h  s l  udge dewatering equipment i nc lude  increased energy 

consumption, h igher l o c a l  noise leve ls ,  p o t e n t i a l  use o f  add i t i ona l  

chemicals as sludge cond i t i on ing  agents f o r  r o t a r y  vacuum f i l t r a t i o n  

o r  cen t r i f uga t ion .  Un l i ke  sludge d ry ing  beds, the  r o t a r y  vacuum f i  1 t e r s  

and cent r i fuges w i l l  have t o  be placed i n s i d e  a bu i l d ing .  
i 
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The g r a v i t y  sludge d ry ing  beds employed f o r  t he  CRBRP w i l l  be operated 

a t  increased detent ion  i n t e r v a l s  t o  produce mois ture  reduct ions o f  the  

same magnitude as the  above a l t e r n a t i v e s  as shown i n  Table 10.4-3. 

Therefore, i n  view o f  i t s  many drawbacks, mechanical sludge dewatering 

cannot be considered a reasonabl e a1 t e r n a t i  ve . 

10.4.2.2 REVERSE OSMOSIS IN  MAKEUP WATER TREATMENT SYSTEM 

Add i t i on  o f  a reverse osmosis system t o  the  Makeup Water Treatment 

System has the p o t e n t i a l  t o  reduce the  frequency o f  the  demineral izer  

regenerat ions and, there fore ,  the  q u a n t i t y  o f  t h i s  waste stream. However, 

t h i s  a p p l i c a t i o n  o f  reverse osmosis has several disadvantages. The 

reverse osmosis u n i t  reduces the  amount o f  regenerate waste, b u t  i t s  

b r i n e  f low, w h i l e  lower i n  so l i ds ,  i s  h igher  i n  volume than the  regen- 

e ran t  waste from the demineral izers.  The u n i t  w i l l  have t o  be operated 

on a s t a r t - s t o p  bas is  o r  employ a surge tank s ince  the  f l o w  r a t e  i s  

b a s i c a l l y  f i x e d  by the  minimum pressure requirement f o r  proper  s a l t  

r e j e c t i o n  and the  maximum pressure t o  avoid ser ious compaction o f  t he  

membranes. The h igh  a1 k a l  i n i  ty water w i l l  r e q u i r e  pret reatment  t o  avo id  

carbonate s c a l i n g  i n  the  u n i t .  A decarbonator i s  requ i red  f o r  the  

removal o f  carbon d iox ide  and t o  reduce the  anion load i n  the  demineral i -  

zer. R e l i a b i l i t y  o f  the  reverse osmosis system i s  quest ionable. There- 

fore,  the s i z e  o f  the  demineral izers and t h e  waste t reatment  f a c i l i t i e s  

cannot be reduced, s ince the re  i s  a r i s k  o f  l oss  o f  capac i ty  i n  the  

reverse osmosis system. 

I n  view o f  the  above enumerated d i f f i c u l t i e s  and t h e  f a c t  t h a t  i t s  use 

would o n l y  reduce (no t  e l im ina te )  a regenerat ion waste stream t h a t  

represents l ess  than one - th i rd  o f  the  i n f l u e n t  f l o w  t o  the surge and 

neu t ra l  i z i n g  tank, reverse osmosis does n o t  represent  a reasonable 

a l t e r n a t i v e  f o r  t he  chemical waste treatment system. 



,' 

10.4.2.3 OFF-SITE TREATMENT OF SURGE AND NEUTRALIZING TANK EFFLUENT 

O f f - s i t e  treatment o f  t he  surge and n e u t r a l i z i n g  tank e f f l u e n t  was con- 

sidered. Upon inves t iga t i on ,  i t  has been learned tha t ,  a t  t h i s  t ime, 

there are  no treatment p l a n t s  i n  the  v i c i n i t y  o f  the  S i t e  which can 

accept t h i s  q u a n t i t y  o r  type o f  e f f l u e n t .  Th is  a l t e r n a t i v e  i s ,  there-  

fo re ,  n o t  considered t o  be feas ib le .  

10.4.2.4 PERCOLATION PONDS 

Sending the  surge and n e u t r a l i z i n g  tank e f f l u e n t  t o  pe rco la t i on  ponds 

f o r  disposal was considered. The use o f  ground discharge i s  predicated 

on the  a v a i l a b i l i t y  o f  s u i t a b l e  s o i l  cond i t ions .  S o i l  i n  the  area o f  

the  CRBRP has been determined t o  be c lay  t o  a depth o f  20 t o  30 fee t .  

This a l t e r n a t i v e  i s ,  therefore,  n o t  considered t o  be f e a s i b l e  based on 

the  poor absorpt ion c h a r a c t e r i s t i c s  exh ib i ted  by c l a y  s o i l s .  
' 1  . , 1 

10.4.3 SPEC1 FICATIONS FOR REASONABLE ALTERNATIVES 

The o n l y  a l t e r n a t i v e  t o  the  reference chemical waste treatment system 

which warrants f u r t h e r  considerat ion i s  the  a d d i t i o n a l  treatment o f  surge 

and n e u t r a l i z i n g  tank e f f l u e n t  by an evaporat ion sys tem. 

Employment o f  an evaporator w i l l  r e s u l t  i n  concentrat ion o f  t he  waste- 

water i n t o  a b r i n e  s l u r r y  and recovery o f  about 95 percent o f  the  water 

as a h igh  qua1 i t y  condensate (approximately 10 mg/l t o t a l  s o l i d s ) .  The 

concentrated br ine 'can then be dewatered. 

Evaporator design i s  based on a vapor-compression thermodynamic cyc le .  

Other evaporat ion types would provide a s i m i l a r  se rv i ce  bu t  would i nvo lve  

m u l t i p l e  u n i t s  because o f  t h e  h igh  f l ow  dur ing  s t a r t u p  operat ion. Also 

t h e  m e t a l l u r g i c a l  design o f  o ther  l ess  expensive evaporators was not  

considered t o  be opera t i ona l l y  re1 i a b l e  f o r  t h i s  app l i ca t i on .  
1 



Vapor-compression evaporat ion concentrates t h e  waste stream by r a i s i n g  

the  i n l e t  water t o  the  b o i l i n g  p o i n t .  Fol lowing pH c o r r e c t i o n  and carbon 

d iox ide  removal w i t h  a scrubber, t he  feedwater i s  pumped t o  the  heat 

t r a n s f e r  tubes where a d d i t i o n a l  heat i s  added and the  water vaporizes. 

Vapor i s  pumped t o  the  opposi te s ide  o f  t he  tubes where condensation 

occurs. The condensate i s  then recyc led  t o  the  coo l i ng  tower as makeup 

water and the  b r i n e  sent  t o  dewatering. 

Two dewatering methods are  a small s o l a r  pond and mechanical spray 

dryers. While a s o l a r  pond i s  an inexpensive and r e l i a b l e  method f o r  

u l t i m a t e  d isposal ,  t h i s  a1 t e r n a t i v e  i s  1 i m i t e d  t o  s i t e s  having h igher  

n e t  evaporat ion ra tes  than a re  a v a i l a b l e  a t  the  S i t e .  A mechanical spray 

d rye r  can be used t o  produce a d ry  powder t h a t  i s  c o l l e c t e d  i n  a dust- 

f r e e  manner i n  conta iners f o r  d isposal  . 

10.4.4 ENVIRONMENTAL COSTS 

The p r i n c i p a l  environmental concern associated w i t h  t h e  CRBRP mechanical 

waste treatment system i s  t h e  e f fec t  o f  i t s  l i q u i d  discharge on the  

water q u a l i t y  and aquat ic  l i f e  o f  t he  C l i nch  River .  For the  purpose o f  

t he  a l t e r n a t i v e s  study, i t  i s  s u f f i c i e n t  t o  u t i l i z e  a s i n g l e  parameter-- 

t o t a l  d issolved so l i ds - - fo r  comparing the  magnitude o f  the  e f f e c t s  pro- 

duced by the  reference system and evaporator a l t e r n a t i v e .  

By e l i m i n a t i n g  the  discharge o f  a h igh  s o l i d s  content  e f f l u e n t  and per- 

mi t t i n g  recyc le  o f  the  regenera t i  on waste stream, the  evaporator reduces 

by 2.1 gpm the  p l a n t  makeup water requirement and coo l i ng  tower blowdown 

f l ow  r a t e  and produces a 0.2 percent  decrease i n  t he  TDS concent ra t ion  

o f  the  chemical waste treatment system discharge. The s i g n i f i c a n c e  o f  

these environmental improvements i s  a func t i on  o f  t he  magnitude o f  t h e i r  

u l t i m a t e  bene f i t  t o  t he  C l i nch  River .  



The regenerat ion waste r e c y c l e  a f fo rded by t h e  evaporat ion process y i e l d s  

a ne t  decrease o f  0.03 and 0.08 percent i n  makeup water requirement and 

blowdown f low ra te ,  respect ive ly .  These q u a n t i t i e s  are  q u i t e  small and 

c o n s t i t u t e  on ly  a negl i g i  b l  e water use savings. 

Value o f  t he  improvement i n  discharge water chemistry r e a l i z e d  by employ- 

ment o f  t h e  evaporator a1 t e r n a t i v e  must be measured aga ins t  the. s e v e r i t y  

o f  t he  p o t e n t i a l  adverse e f f e c t s  produced by the  reference system d i s -  

charge. Changes i n  r i v e r  TDS concentrat ion caused by the  e f f l u e n t s  o f  

the  reference chemical waste treatment system alone and w i t h  the  a d d i t i o n  

o f  t h e  evaporator are presented i n  Table 10.4-4. Four cases represent ing 

the  f u l l  range o f  poss ib le  r i v e r  f l o w  condi t ions,  i n c l u d i n g  extended no 

f l ow  cases, a re  examined as discussed i n  Appendix 10.3. 

Increases i n  r i v e r  TDS concentrat ions f o r  f l ow ing  water cases due t o  

discharges from the  reference system amount t o  l ess  than 5 mg/l and are  

l i m i t e d  t o  1.64 acre- feet  o f  the  r i v e r .  Although considerably more r i v e r  

volume i s  a f fec ted  by h igher than ambient TDS l e v e l s  dur ing  the  extended 

no f low cases, these l e v e l s  represent a maximum increase o f  12.3 mg/l. 

Th is  r e s u l t s  i n  TDS concentrat ions t h a t  a re  considerably below the  

500 mg/l maximum adopted by the  Tennessee Water Q u a l i t y  Control  Board 

as a general c r i t e r i o n  f o r  i t s  most s t r i n g e n t  water q u a l i t y  requ i re-  

ments. Add i t i on  o f  t he  evaporator y i e l d s  very small reduct ions i n  

these concentrat ions. 

An eva luat ion  o f  the  data presented i n  Table 10.4-4 i nd i ca tes  t h a t  the  

q u a l i t y  and q u a n t i t y  o f  the  e f f l u e n t  from the reference chemical waste 

treatment system are  such t h a t  no s i g n i f i c a n t  water q u a l i t y  changes w i l l  

occur under any probable r i v e r  condi t ions.  Consequently, no adverse 

impact on aquat ic  l i f e  i s  an t ic ipa ted.  The i n c l u s i o n  o f  an evaporator 

process y i e l d s  on ly  marginal environmental improvements i n  r i v e r  water 

q u a l i t y  due, p r i m a r i l y ,  t o  the low volume o f  the  regenerat ion waste 

stream. A greater  reduct ion  i n  TDS r i s e  would be produced by evaporat ion 
\ 



( o r  s i m i l a r  t reatment)  o f  the  l a r g e  volume coo l i ng  tower blowdown stream. 

However, two fac to rs  s t r o n g l y  argue aga ins t  such ac t i on :  (1)  the  ac tua l  

amount o f  s o l i d s  i n  t he  tower blowdown i s  the  same as t h a t  removed from 

the  r i v e r  du r ing  makeup--TDS concent ra t ion  i s  r a i s e d  on l y  because t h e  

water volume i s  decreased (through coo l i ng  tower evaporat ion, d r i f t ,  

e t c .  ) ; and (2)  t he  reference chemical waste t reatment  system has been 

shown t o  be envi ronmental ly  acceptable and, thus, t he  h igh  costs o f  

blowdown TDS t reatment  would n o t  be j u s t i f i e d .  

10.4.5 ECONOMIC COSTS 

Monetary costs f o r  the  chemical waste treatment system a l t e r n a t i v e s  are  

presented i n  Table 10.4-5. The increases i n  t he  investment cos t  a t t r i b u -  

t a b l e  t o  the  evaporator i s  $592,700. 

10.4.6 COMPARISON OF ALTERNATIVES 

10.4.6.1 DIRECT COMPARISON OF REASONABLE ALTERNATIVES 

Employment o f  an evaporator process w i t h i n  the  proposed chemical waste 

t reatment  system has been i d e n t i f i e d  as a v i a b l e  a1 t e r n a t i v e  f o r  the  

CRBRP. The foregoing environmental and economic analyses presented the  

b e n e f i t s  and the  costs associated w i t h  evaporat ion of the  regenerat ion 

wastes stream. Summarization o f  these f i nd ings  presented i n  Table 10.4-6 

i ndi  cates t h a t  t he  economic costs. outweigh the  envi  ronmental b e n e f i t s  . 
Reductions i n  r i v e r  TDS a t t r i b u t a b l e  t o  the  evaporator amount t o  a maxi- 

mum o f  one qua r te r  o f  one percent and, i n  view o f  the  environmental 

a c c e p t a b i l i t y  o f  t he  reference system, do n o t  j u s t i f y  the  expenditure 

o f  over one-ha1 f m i  11 i o n  do1 1 ars  . 



10.4.6.2 REASON FOR SELECTION OF CHOSEN SYSTEM 

The chemical waste t reatment  system i d e n t i f i e d  i n  F igure  10.4-1 has been 

se lec ted  f o r  the  CRBRP. I t s  l e v e l s  o f  t reatment  comply w i t h  a l l  a p p l i -  

cable governmental standards. Fur ther ,  i t s  e f f l u e n t  discharge t o  the  

C l inch  R iver  w i l l  n o t  produce adverse environmental e f f e c t s  f o r  e i t h e r  

normal o r  extreme case f l o w  cond i t i ons  i n  t h e  r i v e r .  



TABLE 10.4-1 

CLINCH RIVER BREEDER REACTOR PLANT 

EFFLUENT LIMITATIONS AND WATER QUALITY* 

Water Qua1it.y C r i t e r i a  

EPA Proposed Tennessee General Water 
Constituents Effluent Limitationsk* Qua1 i t y  Cr i t e r i a+  

A .  HEAT REJECTION SYSTEM BLOWDOWN 

Thermal Discharge 

Dissolved Oxygen 
(D.O.) 

No discharge of heat except The maximum water temperature 
f o r  cold-side cooling tower shal l  not exceed 3°C r e l a t i v e  
bl owdown to  an upstream control point .  

The temperature of the  water 
sha l l  not exceed 30.5"C and 
the  maximum r a t e  of discharge 
shal l  not exceed 2°C per hour 
measured a t  mid-depth. 

None speci f ied  Minimum dissolved oxygen con- 
t e n t  of 5.0 mg/l o r  3.0 mg/l 
in v i c in i ty  of discharge 
measured a t  a depth of 5 f e e t  

Hydrogen Ion pH in  the range of 6.0 t o  9.0 pH in  the  range of 6.5 t o  8.5, 
Concentration (pH) a t  a l l  times and shal l  not f luc tua te  more 

than 1.0 u n i t  in a 24 hour 
period. 

Proposed CRBRP 
Treatment Method 

Mechanical Draft 
Cooling Tower 
with cold leg  
blowdown and sub- 
merged discharge. 

None requi red 
(mi ni mum expected 
in discharge i s  
6.8 mgll) 

pH control ,  as 
required. 

( C o n t i n u e d )  
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TABLE 70.4-1 (Cont inued)  

Water Qual i t y  C r i t e r i a  

EPA Proposed Tennessee General Water 
Cons t i tuen t s  E f f l u e n t  L imi ta t ionsk*  Qua1 i ty C r i  t e r i a t  

B. WASTE WATER DISPOSAL SYSTEM  EFFLUENT^ (Continued) 

Tota l  Suspended Da i l y  average 15 mg/l x FLOW None Speci f i e d  
Sol i d s  (TSS) One day maximum - 100 mg/l 

x FLOW 

Hydrogen Ion  pH i n  the  range o f  6.0 t o  9.0 None Speci f i ed 
Concentration (pH) a t  a l l  times 

Proposed CRBRP 
Treatment Method 

F i  1 t e r s  provided. 
R a i n f a l l  sent t o  
catch basin. 

Neu t ra l i z i ng  tank 
w i t h  necessary 
accessories. 

*Permits requ i red  t o  meet these c r i t e r i a  are l i s t e d  i n  Section 12. 

**Federal: "Steam E l e c t r i c  Power Generating Po in t  Source Category Proposed E f f l u e n t  L im i ta t i ons  
Guidelines and Standards," Volume 39, No. 43, FED REG (March 4, 1974). Under the  EPA proposed , 
regu la t ion ,  CRBRP would be a l a rge  base-load u n i t  and sub jec t  t o  the standards o f  performance 
f o r  new sources. 

t State:  "General Water Q u a l i t y  C r i t e r i a  f o r  the  D e f i n i t i o n  and Control  o f  P o l l u t i o n  i n  the  
Waters o f  Tennessee," adopted on October 26, 1971 and amended on December 14, 1971 and 
October 30, 1973. 

"FLOW i s  def ined as the average o f  d a i l y  values f o r  t h i r t y  (30) consecutive days. 

 he mixing zone i n  each p a r t i c u l a r  case s h a l l  .be def ined by the Sta te  o f  Tennessee Water Q u a l i t y  Control 
Board. Stream f l ow  bases w i l l  be instantaneous minimum f low. 

V v ~ ~ ~  Designations - low volume wastes and r a i n f a l l  r un -o f f  sources 

#Assumed t o  no t  inc lude water treatment wastes from i o n  exchange 



TABLE 10.4-2 

CHEMICAL WASTE TREATMENT SYSTEM FLOW RATES 

Waste Stream Source 

I .  Cooling Tower Blowdown 

11. Plant  Wastes 

A .  Storm Water 

1.  Yard and Roof Drains 

B .  Recycled Wastes 

1 .  C l a r i f i e r  Blowdown 
2. Effluent from Sludge Drying Beds 
3. Makeup Water Treatment System 

r inses  and backwash water 
4. Non-Rad Floor Drains 
5. Neutralizing & S e t t l i n g  Fac i l i t y  

Effluent 

C . Non-Recycl ed Wastes 

1.  Condensate Polishing System Wastes 
2. Makeup Water Treatment System 

Demineralizer Regenerant Waste 
3. Surge and Neutralizing Tank Effluent 
4. Secondary Plant Lab and Sampling 

Wastes 
5. Auxiliary Steam Generator Blowdown 
6. Condenser Chemical Cleaning 
7. Steam Generator Chemical Cleaning 
8. Chemical Storage Area Drains 
9.  Oil Collection Tanks 

D .  Sol i d  Wastes 

Frequency 

Continuous 

Unsch. In termit tent  

Continuous 
Continuous 

Sch. In termit tent  
Unsch. In termit tent  

Sch. In termit tent  

Sch. In termit tent  

Sch. In termit tent  
Sch. In termit tent  

As Required 
As Required 
As Required 
As Required 
Unscheduled 
Unscheduled 

As Required 

Average and Maximum Quant i ty  

2,300 - 3,100gpm 

1,000,000 gpd 

- 3,600gpd 
- 3,240 gpd 

- 18,000 gpd 
- 10,000 gpd 

- 31,240 gpd 

- 40,000 gpd 

- 10,000gpd 
- 50,000 gpd 

1,000 gal .  
1 gpm 

200,000 gal .  
250,000 ga l .  

6,000 gal .  
10,000 gal .  

- 15,000 lblday 



TABLE 10.4-3 

Stream 
Descr ip t ion Treatment Mode 

CHEMICAL WASTE TREATMENT SYSTEM 

Stream Descr ip t ion  

I. Cooling Tower Blowdown Prov is ions f o r  f i l t e r -  
i n g  and con t ro l  o f  pH, 
o i l ,  e tc .  

11. P lan t  Wastes 

A. Recycle Wastes 

C l a r i f i e r  Blowdown 

C l a r i f i e r  Blowdown 

C l a r i f i e r  Blowdown 

Grav i t y  Sludge Drying 
Beds 

Thickener fo l lowed by 
Vacuum F i l t r a t i o n  

Chemical Content o f  Range o f  E f f l u e n t  
Treatment Mode E f f l u e n t  Quan t i t y  

Cl inch River  Water concen- 2,300 - 3,100 gpm 
t r a t e d  2-3 times 
Free ava i lab le  ch lo r ine  
less  than 0.2 mg/l 

C l inch  River  Water, Aluminum 300 - 3,600 gpd** 
Hydrate & t race  I r o n  & Manga- 
nese. Approx. 2% s o l i d s  i n  
B l  owdown 

Sludge 
Approx. 20-40% sol  i d s  

L iqu id  
Cl inch River  water w i t h  
s l i g h t  increase i n  sodium 
s u l f a t e  

Sl udqe 
Approx. 40% s o l i d s  

L i q u i d  
Same as g r a v i t y  sludge 
d ry ing  beds 

Remarks 

15 - 360 gpd** Base Case Treatment 
Mode as shown i n  
F igure 10.4-1 

285 - 3,240 gpd 

15 - 180 gpd** A1 t e r n a t i v e  Treatment 
Mode f o r  C l a r i f i e r  Blow- 
down 

(Continued) 



TABLE 10.4-3 (Con ti nued) 

Stream Chemical Content o f  
D e s c r i p t i o n  Treatment Mode Treatment Mode E f f l u e n t  

C l a r i f i e r  Blowdown Thickener f o l l owed  by Sludge 
c e n t r i f u g a t i o n  Approx. 20-30% s o l i d s  

N e u t r a l i z i n g  & S e t t l i n g  N e u t r a l i z a t i o n  & 
F a c i l i t y  ove r f l ow  S e t t l i n g  

B. Non-Recycled Water 

Oeminera l izer  and Con- 
densate P o l i s h e r  
Neu t ra l i zed  Regen- 
e r a n t  Waste 

Oemineral i z e r  and Con- Evaporator  
densate P o l i s h e r  Neu- 
t r a l  i z e d  Regenerant 
Waste 

L i q u i d  
Same as g r a v i t y  sludge 
d r y i n g  beds 

C l i n c h  R i ve r  Water* w i t h  
s l i g h t l y  h i ~ h  sodium 
s u l f a t e  con ten t  DH 6.5-8.5 

Range o f  E f f l u e n t  
Q u a n t i t y  Remarks 

20 - 360 gpd** A l t e r n a t i v e  Treatment 
Mode f o r  C l a r i f i e r  Blow- 
down 

280 - 3,240 gpd 

2,785 - 31,240 gpd 

Approx. 8,000-14,000 mg/l ,  TDS 3,000 - 50,000 gpd 
90% Sodium S u l f a t e .  
Remaining 10% c o n s i s t s  p r i m a r i l y  
o f  Fe, Ca, Mg, PO4, w i t h  t r a c e  
q u a n t i t i e s  o f  Cu, Cr and Ni  
below d e t e c t a b l e  1  i m i t s  

Evaporator  D i s t i l l a t e  i s  a  3,000 - 49,500 gpd A l t e r n a t i v e  
h i g h  q u a l i t y  water  (10 ppm 
TDS) and w i l l  be recyc led  

Sludge 
50% s o l i d s  con ten t  

(Continued) 
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Stream 
D e s c r i p t i o n  Treatment Mode 

Catch Bas in  O i l  Waste O i l  skimmertt 

TABLE 10.4-3 (Continued) 

Chemical Content o f  
Treatment Mode E f f l u e n t  

O i l  & misc .  en t ra i ned  
s o l  i d s  

Range o f  E f f l u e n t  
Q u a n t i t y  Remarks 

*C l i nch  R i ve r  water  chemical composit ion-Ref.  WESD D r a f t  Sect ion E.R. Sec t i on  2.5 Hydrology dated 9/1/73 

**A l l  waste n o t  sent  t o  C l i n c h  R i v e r  w i l l  be sent  t o  t he  s o l i d  waste hand l i ng  f a c i l i t y .  

'o i l  t r aces  a r e  i n t e r p r e t e d  t o  mean v i r t u a l l y  undetectab le .  

"TO be used o n l y  i f  v i s i b l e  o i l  s l i c k  i s  de tec ted  

1  gpd** Waste p laced i n  con- 
t a i n e r ,  sea led and 
d isposed o f f - s i t e  



TABLE 1 0 . 4 - 4  

EFFECT O F  CHEMICAL WASTE TREATMENT SYSTEM DISCHARGES O F  

TOTAL DISSOLVED S O L I D S  ON C L I N C H  R I V E R  WATER QUALITY*  

Flow Regime Cases 

Typica l  Case 
-- Winter 
( f l ow  = 5,068 c f s )  

Typica l  Case 
-- Summer 
( f l ow  = 4,777 c f s )  

Extreme Case 
-- February 
(29 day no f l ow)  

Extreme Case 
-- J u l y  
(29 day no f low) 

Reference System 

Cl inch R ive r  A f fec ted  R ive r  
Concentrat ion Concentration** Vol ume 

(mg/l ) (mg/l ) (acre- feet )  

Reference System w i t h  Evaporator 

Af fected R ive r  
Concentrationt Volume 

(mq/ 1 ) (acre- feet )  

*Values presented based on Table 10.3-2. 

**TDS concentrat ions f o r  the Reference System are ca lcu la ted  by the f o l l o w i n g  equation: 

(150)(2.5) (FED) + (12,000)(2.1) 
(oncentrat ion (mg/l) = [w] x 1 + 2.1) - 150 + 150 J 

where, 

I s o p l e t h  % i s  taken from Table 10.3-2 
(150)(2.5) i s  the TDS concentrat ion i n  the coo l ing  tower blowdown 
FED i s  the blowdown f l ow (var ies seasonally: see Table 3, Appendix 10.3) 
(12,000) i s  the TDS concentrat ion ( i n  mg/l) o f  the surge and n e u t r a l i z i n g  tank e f f l u e n t  
(2.1) i s  the surge and n e u t r a l i z i n g  tank e f f l u e n t  f l ow  r a t e  ( i n  gpm). 

 o or the Reference System w i t h  Evaporator, the TDS c o n t r i b u t i o n  o f  the surge and n e u t r a l i z i n g  tank e f f l u e n t  
i s  e l iminated.  Therefore, the coo l ing  tower blowdown alone i s  responsib le f o r  TDS and the r i v e r  
concentrat ions are determined d i r e c t l y  by m u l t i p l y i n g  the ambient l e v e l  (150,mg/l) by the i s o p l e t h  percent 
(as i t  appears i n  Table 10.3-2). 

"Range o f  concentrat ions w i t h i n  chemical plume (see Appendix 10.3). 



TABLE 1 0 . 4 - 5  

INVESTMENT COSTS FOR CHEMICAL 

WASTE TREATMENT SYSTEM ALTERNATIVES 
( A l l  C o s t s  i n  1 9 7 4  D o l l a r s )  

Reference Chemical Reference System 
Evaluated Costs ($) Waste Treatment System With Evaporator 

A. INVESTMENT COSTS 

1. ~ i v i  1 - s t r u c t u r a l  
2. E l e c t r i c a l  
3. Mechanical 

4. Tota l  Equipment Costs 

B. EQUIVALENT INVESTMENT COSTS 

BASE 
BASE 
E 
BASE 

1. Chemical Costs BASE 
2. Storage and Hand1 i n g  

o f  Chemi ca l  s BASE 
3. Storage and Handl ing 

o f  Wastes BASE 
4. Disposal o f  Wastes BASE 
5. Operation and Maintenance BASE 

6. Tota l  Operating Costs BASE 9,100 

C.  AUXILIARY POWER COSTS 

1. Tota l  Power (kW) BASE 
2. Equivalent Investment Costs* BASE 

TOTAL EQUIVALENT INVESTMENT COST BASE 592,700 

*At $57.8 /k~ based on 3 hours per  day opera t ion  



TABLE 10.4-6 

SUMMARY OF ENVIRONMENTAL AND ECONOMIC FACTORS 

FOR EVAPORATOR ALTERNATIVE 

Envi ronmental Benef i t s  

Reduction i n  River  TDS Levels 

Typical  Case -- Winter 

Typical  Case -- Sunnner 

Extreme Case -- February 

Extreme Case -- J u l y  

Economic Costs 

Add i t iona l  Investment Cost 

Evaporator 



- Make-up Water Treatment Regenerant Wastes 

Sludge t o  S o l i d  
Waste Handl i ng 

F a c i l i t y  C l a r i f i e r  Blowdown 
1 1 

Dry ing  Beds 

b ~ o n d e n s a t e  P o l i s h i n g  Regenerant Wastes 

I Surge and 
N e u t r a l i z a t i o n  Tank 

Recycle 

Labora to ry  Sampl i ng Waste 

k ~ u x i l i a r y  Steam Generator  Blowdown 

I- Chemical Storage Area Dra ins  

settled Sol ids to I b-, A c t i v a t e d  Carbon Backwash 

S o l i d  Waste F i  1 t e r  Backwash 
Handl i n Fac i  1 i t y  s Deminera l i ze r  Rinse and Backwash 

I and s e t t l i n g  I-* To Coo l ing  Tower 
F a c i l i t y  Basin 

Cool i ng 
Tower 
B l  owdown 
I 

Non-Rad 

Separator  

O i l  Storage Area Dra ins  

O i l  Disposal  

Reclamation 

Condenser Chem. Cleaning 

Steam Gen. Chem. Cleaning 
O f f - S i t e  

I 

To S o l i d  Waste 

Suspended 
Sol i d s  

Grav i  ty D r y i n g  Beds Sludge 
Waste Coo l ing  Tower Bas in  S o l i d s  

Handl i ng 
N e u t r a l i z i n g  and S e t t l i n g  
F a c i l i t y  S o l i d s  

F i l t r a t e  
P r o v i s i o n s  For  TI Suspended S o l i d s  ' ~ L ' ; i : t - , R o o f a n d ' f a r d C ~ r a i n s  

Reduct ion f o r  Skimmer 
15 mg/l 

To C l i n c h  R i v e r  

F i  gure 10.4-1 CHEMICAL WASTE TREATMENT SYSTEM 



10.5 BIOCIDE SYSTEM 

The Biocide System i s  employed to maintain cooling system efficiency 

and longevity by eliminating biological interference. A1 gae, bacteria, 
fungi and occasionally crustacea and moll usks enter the cool ing system 

via the plant intake and colonize condenser tubes, valves, pumps, cooling 

tower f i l l  and auxiliary piping. Their presence causes a reduction in 

heat transfer rates and can lead to  clogging with attendant flow rate  
losses. The Biocide System must control these growths and maintain re1 a- 

t ively clean surfaces so tha t  heat transfer and circulating water flow 

are not significantly impaired. 

A major environmental concern associated with the Biocide System i s  

the e f f ec t  on aquatic l i f e  of any residual biocide (chemical) act ivi ty  

that  may be present in the plant discharge. An additional concern i s  

the e f fec t  of the biocide on the survival of organisms entrained in the 

cooling system water supply. This, however, becomes a val id issue only 

for  once through cooling systems where some survival i s  expected; in a 

closed cycle system such as tha t  of the CRBRP no survival i s  anticipated, 

irrespective of the bi oci de system ut i l  ized. 

Chlorination i s  the selected biocide system for the CRBRP. 

A1 ternati  ves consi dered for  the bi oci de sys tem are as fol 1 ows : 

1. Chlorination;, 

2. Organic chemi cal s ; 

3.  Ozone; and 

4. Mechanical cleaning. 



10.5.1 DESCRIPTION OF ALTERNATIVES 

10.5.1.1 CHLORINATION 

Chlorine i s  the  most widely employed water d is infectant  and biocide i n  

t h i s  country. I t  i s  economical, f a s t  acting and well proven w i t h  a sub- 

s t an t ia l  body of techni cal information avai 1 able concerning effect ive-  

ness and application.  

One of the  principal advantages of chlorination becomes a potential  

l i a b i l i t y  when i t  i s  used as  a biocide. The chlorine res idual ,  i f  not 

dissipated pr io r  t o  cooling system blowdown, can adversely a f f ec t  aquatic 

l i f e  i n  the receiving water body. This potential  i s  increased i f  t a r s  

o r  ammonia a r e  avai lable  t o  form chlorinated hydrocarbons or  chl oramines, 

both of which a r e  highly toxic  t o  f i sh .  (1 3 2 )  

Since chlorine i s  an oxidizing biocide, i t s  costs  are  escalated when a 

high chlorine demand cooling water (from a polluted stream) i s  u t i l i zed .  

Additionally, the use of chlorination i s  l e s s  favored when su f f i c i en t  
- iron and manganese are present and t h e i r  reactions with chlorine lead to  

fouling problems. (3)  Wooden cool ing towers are  subject  t o  del ignif i  cation 

a t  excessive chlorine concentrations. (1 1 

Chlorination fo r  a closed cycle cooling system i s  usually applied a t  the 

intake system c i rcu la t ing  water pumps. Chlorine i s  available as a gas, 

i n  l iquid  form o r  as sodium hypochlorite. The method of application i s  

continuous low level addition (approximately 1 ppm) t o  control biological 

fouling supplemented by s lug feeding in termit tent ly  ( 3  ppm fo r  15 minutes 
every e ight  hours) t o  remove accumulated slime deposits. 



10.5.1.2 ORGANIC CHEMICALS 

Organic chemi cal s represent a re1 a t i  vely new c l a s s  of biocides. ~ h e s e  
are  general l y  complex hydrocarbons whose mode of action i s  non-oxidizing 
resul t ing i n  a potential  competi t ive  advantage over chlorination under 
cer ta in  conditions; see Section 10.5.1 . l .  The cost  of organic biocide 
treatment, however, i s  usually much higher than chlorination and the 
amount of technical information available concerning i t s  application i s  
not as extensive. 

Environmentally, organic biocides present the same problem as  chlorina- 
tion -- residual a c t i v i t y .  Although there i s  wide variat ion among them, 
a l l  of the organic biocides a re  toxic  t o  f i s h  i n  the concentration range 
typical of slug feeding appl ica t ions .  (1)  

Two of the more common types of organic biocides a r e  the quaternary 
ammoni um compounds and the unsaturated a1 dehydes (acrole ins) .  The l a t t e r  
are  the more highly toxic  and vo l a t i l e  group. 

10.5.1.3 OZONE 

Ozone (03) i s  a highly reactive form of oxygen w i t h  very strong oxidizing 
capab i l i t i e s .  As a d i s in fec tan t  and par t i cu la r ly  a s  a virucide,  ozone is  
superior t o  chlorine.  Contact time i s  g rea t ly  reduced as ozone disinfec- 
t ion i s nearly instantaneous. Addi t ional  l y  , ozone reduces t a s t e ,  odor, 
color and BOD, and increases dissolved oxygen levels .  

The ha l f - l i f e  f o r  ozone i n  water i s  in the order of minutes; consequently, 
there i s  no residual a c t i v i t y .  This gives ozone a strong environmental 
advantage i n  appl ica t ions  where the t reated e f f luen t  i s  discharged in to  
a natural water body. Further, i t  mandates t ha t  ozone be generated on- 
s i t e  thus a1 levia t ing the potential  t ransportat ion hazards t h a t  are  
associated w i t h  the shipment of chlorine. 



Ozone i s  generated by passing clean, c o l d  a i r  ( o r  pure oxygen) over  e lec-  

tri cal  l y  charged p la tes .  Various types o f  i n j e c t o r s  a re  then u t i  1 i zed 

t o  in t roduce the  O3 gas i n t o  the water f o r  treatment.  

The use o f  ozone i n  t h i s  country  has been q u i t e  l i m i t e d .  For many years 

the  economics o f  i t s  product ion were p r o h i b i t i v e .  Today, however, techni  - 
ca l  advancements i n  ozonat ion have g r e a t l y  improved i t s  economic pos i -  

ti on. (495) 

10.5.1.4 MECHANICAL CLEANING 

Mechanical c leaning i s  a d i r e c t  way o f  a t t a c k i n g  b i o l o g i c a l  f o u l i n g  t h a t  

produces a more p o s i t i v e  c lean ing  o f  condenser tubes and, therefore,  i s  

advantageous from the v iewpoint  o f  p l  an t  performance. I t  i s  envi ronment- 

a l l y  a t t r a c t i v e  because i t  does n o t  produce a discharge o f  res idua l  

chemical a c t i v i t y .  

There are two major types o f  mechanical c lean ing  systems. One u t i l i z e s  

sponge rubber b a l l s  o f  s l i g h t l y  l a r g e r  diameter than the  condenser 

tubing.  These are  cont inua l  l y  r e c i  r c u l  a ted and produce a scour ing e f f e c t  

on the i n s i d e  tube surfaces. The o t h e r  system employs p l a s t i c  brushes 

which p e r i o d i c a l l y  t r a v e l  f rom end t o  end o f  the  condenser tubes actuated 

by f low d i r e c t i o n  changes. 

Mechanical c lean ing  i s  l i m i t e d  i n  usage t o  f a i r l y  s t r a i g h t  sec t ions  o f  

t ub ing  such as the  main condenser and c e r t a i n  a u x i l i a r y  coo l i ng  systems. 

Valves, pumps and coo l ing  towers cannot be serviced; thus, a chemical 

b ioc ide  such as c h l o r i n e  must be used i n  con junc t ion  w i t h  mechanical 

c leaning. The q u a n t i t y  and frequency o f  b ioc ide  app l i ca t i on ,  however, 

i s  reduced i n  a mechanical c leaning system. 



10.5.2 ELIMINATION OF IMPRACTICAL ALTERNATIVES 

10.5.2.1 ORGANIC CHEMICALS 

Organic b ioc ides  are  beset by t h e  same environmental disadvantage as 

c h l o r i n a t i o n  -- res idua l  a c t i v i t y .  Fur ther ,  the  f a t e  o f  complex hydro- 

carbons re leased i n  a water body i s  l ess  w e l l  understood. Organic b i o -  

c ides would be p re fe rab le  on l y  f o r  those cases where h igh  c h l o r i n e  

demand, f o u l i n g  caused by i ronlmanganese-chlor ine reac t ions ,  o r  de ter -  

i o r a t i o n  o f  wooden c o o l i n g  towers i s  an t i c i pa ted .  The organic  load ing  

o f  the  C l inch  R iver  a t  the  S i t e  i s  low and no unusual ly  h igh  c h l o r i n e  

demand i s  expected. Concentrat ions o f  i r o n  and manganese are  a l s o  low 

and the  coo l i ng  towers w i l l  be o f  concrete. Consequently, no economic, 

performance, o r  environmental advantage e x i s t s  t h a t  would f avo r  t he  use 

o f  an organic  b i o c i d e  f o r  the  CRBRP. 

10.5.2.2 OZONE 

Although i t s  use i n  water and wastewater d i s i n f e c t i o n  has been r i s i n g ,  

ozonat ion has no t  achieved s u f f i c i e n t  opera t iona l  exposure as a b i o c i d e  

t o  recommend i t s  employment a t  t h i s  t ime. Experience i n  s e l e c t i n g  pro-  

per  dose l e v e l s  and a p p l i c a t i o n  f requencies i s  lack ing ,  a p o i n t  t h a t  i s  

p a r t i c u l a r l y  impor tant  i n  reference t o  t he  A s i a t i c  clam i n f e s t a t i o n  o f  

the  Ohio and Tennessee R iver  Val leys.  ( 6 )  These clams a re  p reva len t  i n  

t he  C l inch  R iver  a t  t he  S i t e  and a re  known t o  c rea te  c logg ing  problems 

i n  p l a n t  wa te r l i nes .  Considerable experience has been gained i n  c o n t r o l -  

i n g  such organisms through c h l o r i n a t i o n .  The use o f  ozonat ion would 

r e q u i r e  t he  development o f  new c o n t r o l  procedures. 

The main environmental advantage o f  ozonat ion i s  i t s  l ack  o f  res idua l  

a c t i v i t y .  However, as ozone i s  r a p i d l y  reduced, oxygen l e v e l s  increase 

and supersa tura t ion  may occur. This  l i k e l i h o o d  i s  p a r t i c u l a r l y  enhanced 

f o r  a power p l a n t  where the  ozonated water i s  a l s o  heated p r i o r  t o  



discharge. Supersaturated conditions in the thermal plume would be detri - 
mental to fish. If the ozonator receives air rather than pure oxygen, 

the more serious case of nitrogen supersaturation is a distinct possibility. 

10.5.3 SPECIFICATIONS FOR REASONABLE ALTERNATIVES 

The chlorination biocide system for the CRBRP will primarily utilize 

intermittent application several times daily to control biological fouling. 

Residual chlorine levels in the cooling tower basin will be continuously 

monitored. System design will provide the capability for automatically 

stopping the blowdown flow during chlorine applications and for maintaining 

zero release of residual chlorine until the residual concentration has 

fallen to an acceptable preset level that assures compliance with state 

and Federal requirements. The average daily free available chlorine con- 

centration is expected to be less than 0.2 mg/l. 

A feasible addition to the chlorination system is mechanical cleaning. As 

noted in Section 10.5.1.4, mechanical cleaning has limited applications 

and cannot supersede chlorination. It does permit reductions in the quan- 

tity of chlorine applied and would be advantageous in situations where 

discharged residual chlorine presents a significant environmental concern. 

10.5.4 ENVIRONMENTAL COSTS 

The effect of the chlorine residual on aquatic life in the Clinch River 

is the principal environmental concern associated with the CRBRP Biocide 

Sys tem . 

Free available chlorine does not present a significant environmental 

concern as oxidation and dissipation will occur rapidly at the point of 

discharge to the river. Chlorine demand in the river (in terms of BOD 

and COD concentrations, from prel iminary aquatic base1 ine survey data) 

is sufficient to consume the low level chlorine addition (< - 0.2 mg/l) 



w e l l  w i t h i n  the  near f i e l d  mix ing  zone. The 6.3 c f s  annual average cool- 

i n g  tower blowdown represents on ly  0.1 percent o f  t he  4,777 c f s  summer 

r i v e r  flow and w i l l  be s i g n i f i c a n t l y  d i l u t e d  w i t h i n  the near f i e l d  mix ing  

zone. 

The most p o t e n t i a l l y  severe e f f e c t  on aquat ic  l i f e  would r e s u l t  from 

complexation of t h e  f r e e  a v a i l a b l e  c h l o r i n e  w i t h  ammonia-nitrogen t h a t  

w i l l  be present i n  t h e  p l a n t  discharge. Chloramine compounds formed by 

such a reac t i on  are  r e l a t i v e l y  s t a b l e  compared t o  c h l o r i n e  and a re  h i g h l y  

t o x i c  t o  aquat ic  l i f e .  S u f f i c i e n t  ammonia-nitrogen i s  a v a i l a b l e  from the  

san i ta ry  waste t reatment  (0.5 mg/l i n  7,000 gpd) and a u x i l i a r y  steam 

generator (hydrazine decomposition: 0.5 mg/l NH3 i n  480 gpd when opera- 

t i n g )  i n f l u e n t s  t o  the  p l a n t  discharge t o  complex a p o r t i o n  o f  t he  a v a i l -  

ab le  ch lo r ine .  An extreme case can be postu la ted by assuming the 

remaining c h l o r i n e  i s  complexed by t h e  ammonia-ni trogen a v a i l a b l e  i n  the  

r i v e r  before any ox ida t ion  o r  d i s s i p a t i o n  can occur and t h e  c h l o r i n e  

res idua l  i s  continuous a t  0.2 mg/l . Given these conservat ive assumptions, 

t he  r e s u l t i n g  chloramine concentrat ions i n  t h e  C l i nch  R iver  f o r  various 

f l ow  regimes are  presented i n  Table 10.5-1. A review o f  t he  t o x i c i t y  

1 i t e r a t u r e  i nd i ca tes  t h a t  the chloramine concentrat ions produced dur ing  

the  t y p i c a l  ( f l o w i n g  water) cases are below the lowest  concentrat ions 

t h a t  have been shown t o  adversely a f f e c t  aquat ic  l i f e . ( '  ) The chloramine 

concentrat ions i n d i c a t i v e  o f  29 days o f  no f l ow  are below reported acu te l y  

t o x i c  l eve ls .  Sublethal e f f e c t s  ( reduct ions i n  number o f  young produced 

i n  the  amphipod and egg product ion i n  the minnow) have been observed a t  

concentrat ions g rea te r  than 0.0034 mg/l and 0.0165 mg/l f o r  an amphipod 

and minnow species, respect ive ly .  (7)  Both the  extreme case concentrat ions 

are below the sub le tha l  e f f e c t s  value f o r  the  f i s h  species. Although 

these concentrat ions are s l i g h t l y  above the  sublethal  e f f e c t s  value fo r  

the  amphi pod, the canservatism o f  t h i s  analys is ,  r a r i t y  o f  29-day no-f low 

occurrences and unl  i k e l  i hood t h a t  such an occurrence would coinc ide pre-  

c i s e l y  w i t h  the  spawning pe r iod  a l l  i n d i c a t e  t h a t  no measurable adverse 

e f f e c t s  on benth ic  1 i f e  w i l l  occur due t o  the discharge o f  complexed 

res idua l  c h l o r i n e  . 



The c o n t r o l  o f  res idua l  c h l o r i n e  i n  the coo l i ng  tower blowdown. w i l l  en- 

sure t h a t  the CRBRP Bioc ide  System w i l l  comply w i t h  app l icab le  standards. 

Fur ther ,  the  foregoing analyses i n d i c a t e  t h a t  res idua l  c h l o r i n e  a c t i v i t y  

w i l l  n o t  adversely a f f e c t  aquat ic  l i f e  i n  the C l i nch  River .  

10.5.5 ECONOMIC COSTS 

The a d d i t i o n  o f  mechanical c leaning t o  the CRBRP Bioc ide  System would 

r e s u l t  i n  increased c a p i t a l  and opera t ing  costs t h a t  would n o t  be o f f s e t  

by the reduct ions i n  c h l o r i n e  requirements provided. 

10.5.6 COMPARISON OF ALTERNATIVES 

As i n d i c a t e d  i n  Sect ion 10.5.4, the  environmental costs associated w i t h  

a "worst" case o f  continuous discharge o f  complexed res idua l  c h l o r i n e  

dur ing  no-flow r i v e r  cond i t ions  are  n o t  s i g n i f i c a n t .  Consequently, the 

i n t e r m i t t e n t  c h l o r i n e  a p p l i c a t i o n  method t o  be u t i l i z e d  by the  CRBRP 

Bioc ide  System w i l l  n o t  adversely a f f e c t  aquat ic  l i f e  i n  t he  C l i nch  River.  

Although mechanical c leaning does n o t  o f f e r  a measureable environmental 

advantage over the  proposed c h l o r i n a t i o n  system, i t  would be des i rab le  

from a p l a n t  performance v iewpoint .  

Ch lor ina t ion ,  w i t h  o r  w i thou t  supplemental mechanical c leaning, i s  an 

envi ronmental ly  acceptable B ioc ide  System f o r  the  CRBRP. 



TABLE 10.5-1 

CHLORAMINE CONCENTRATIONS I N  CLINCH R I V E R  RESULTING FROM 

BIOCIDE SYSTEM RESIDUAL CHLORINE DISCHARGES* 

Ch 1 orami ne 
Concentration 

Flow Regime Cases (mg/l)* 

Typical  Case 0.0023 
-- Winter 
( f l o w  = 5,068 c f s )  

Typical  Case 0.0030 
-- Summer 
(f low = 4,777 c f s )  

Extreme Case 
-- February 
(29 day no f l ow)  

Extreme Case : L - -- J u l y  
(29 day no f l ow)  

R i  ver  Vol ume 
Af fec ted 

(acre- feet)  

*Values presented based on Table 10.3-3 

**Chloramine concentrat ion i s  computed as fo l lows:  

NH2C1 = ( i s o p l e t h  %)  x (0.2 mg/l C12) x (0.725) 

(0.725 i s  a s to i ch iomet r i c  f a c t o r  -- 1.38 moles o f  

C12 are  requ i red  t o  produce one mole o f  NH2Cl. ) 



10.6 SANITARY WASTE SYSTEM 

A san i ta ry  waste system wil l  be required t o  provide sewage treatment 

during normal operation of the CRBRP.  I t  wi 11 be a permanent f a c i l i t y  

designed t o  process a waste stream t h a t  i s  s imi la r  t o  domestic sewage. 

Radioactive wastes a re  not handled by the san i ta ry  waste system. 

The average dai ly  san i ta ry  wastewater flow during normal operation wi l l  
be 7,000 gallons. T h i s  i s  based upon 200 plant  personnel and 35 gal /  

personlday f o r  normal pl an t  operati  on. Present projected number of 
plant  personnel i s  120 persons w i t h  a peak manning of 210 men an t ic i -  

pated f o r  annual shutdown. The permanent plant  design flow of 8,000 gal/  
day wil l  be adequate during normal operation and annual shutdown. 

Plant san i ta ry  wastes wi 11 be processed i n  a manner t ha t  i s  consistent  

w i t h  applicable S ta te  regul a t i o n s ( l )  and r e f l e c t s  the goal of reducing 

environmental impact. A1 t e rna t i  ves consi dered represent  a var ie ty  of 

approaches offering d i f f e r en t  levels  of environmental and economic cost .  

The se lected san i ta ry  waste system f o r  the  CRBRP i s  on-si t e  treatment 

via a packaged extended ae ra t i  on/fi 1 t ra t ion/chlor inat ion f a c i l i t y  of 

8,000 gpd capacity with l iqu id  e f f luen t  discharge t o  the Clinch River. 

A1 t e rna t i  ve systems considered f o r  processing plant  san i ta ry  wastes are:  

1.  Tap-in t o  ex i s t ing  treatment f a c i l i t y ;  

2.  Ground discharge; 

3.  Incinerat ion;  

4. Extended ae r a t i on l f i  1 t ra t ion/chlor inat ion;  

5. Acti vated sludgelmembrane f i  1 t r a t i on ;  and 

6. Cl a r i  f i c a t i o n l f i  1 trat ionlcarbon adsorption. 



10.6.1 DESCRIPTION OF ALTERNATIVES 

10.6.1.1 TAP-IN'TO EXISTING TREATMENT FACILITY 

An environmental ly a t t r a c t i v e  a1 t e r n a t i  ve f o r  p l a n t  san i ta ry  waste 

treatment i s  t o  t a p - i n  t o  an already e x i s t i n g  sewage treatment f a c i l i t y .  

I n  t h i s  manner, use i s  made o f  ava i l ab le  c a p a b i l i t y  and the  p o t e n t i a l l y  

adverse environmental e f f e c t s  o f  const ruc t ion  and operat ion o f  an on -s i te  

f a c i  1 i ty are  avoided. This a1 t e r n a t i v e  i s  dependent upon the exis tence 

o f  a nearby sewage treatment p l a n t  t h a t  can accept the  add i t i ona l  l oad  

w i thout  s u f f e r i n g  reduced treatment e f f i c i e n c y .  

The tap - in  scheme would requ i re  const ruc t ion  o f  a p i p e l i n e  t o  t h e  

proposed treatment p l a n t  and s u f f i c i e n t  pumping power a t  t h e  CRBRP. 

10.6.1 .2 GROUND DISCHARGE 

: t  
Ground discharge o f  san i ta ry  wastes possesses several envi ronmental 

advantages. It u t i  1 i zes  the  na tu ra l  a s s i m i l a t i v e  capac i ty  o f  so i  1, 

e l  i m i  na t i ng  the  need f o r  extensi  ve treatment fac i  1 i t i e s .  Energy requ i  re-  

ments are  low and no e f f l u e n t  i s  discharged d i r e c t l y  i n t o  t h e  r i v e r .  

Successful a p p l i c a t i o n  of ground discharge requires s u i t a b l e  s o i l  com- 

p o s i t i o n  and depth such t h a t  a n t i c i p a t e d  waste loadings can be app l i ed  

w i thou t  c logging o r  back-up. S o i l s  sub jec t  t o  s h o r t - c i r c u i t i n g  w i t h  

a t tendant  i n t r o d u c t i o n  o f  inadequately t rea ted  wastes i n t o  ground water 

suppl i es must be avoi  ded. (*) Several a p p l i c a t i o n  techniques can be 

u t i l i z e d  i n  a ground discharge treatment system. Notable among these 

a re  pe rco la t i on  ponds and spraying. 



10.6.1.3 INCINERATION 

Incineration of raw sewage provides the highest degree of sludge compac- 

t ion achievable. The small quantit ies of dry ash produced considerably 

lessen the environmental costs associated w i t h  the disposal of moisture- 

1 aden sludge from conventional processes. 

Incineration of raw sewage i s  preceded by comminution and dewatering to  

reduce the water content of the sludge feed -so that  combustion can occur. 

In the incinerator, fuel (commonly No. 2 o i l )  i s  ut i l ized to  i n i t i a t e  

and sustain burning when the heat content of the sludge i s  insuff ic ient .  

Combustion gases are  cycled through a stack scrubber prior to  atmos- 

pheric re1 ease to reduce particulate emissions. (3) 

10.6.1.4 EXTENDED AERATION/FILTRATION/CHLORINATION 

A fourth al ternat ive to  of f -s i te  treatment, ground discharge, or  incin- 

eration of sanitary wastes i s  on-site treatment tha t  produces a l iquid 

e f f l  uent envi ronmental ly acceptable for  discharge to  the Cl inch River 

and a sludge for land disposal. In comparison t o  of f -s i te  processing, 

an on-si t e  treatment faci 1 i ty offers the environmental advantages of 

more d i rec t  control over eff luent  quality and greater f l ex ib i l i t y  to  

changing loads. I t  does not release airborne particulates or consume 

water as occurs with incineration and the odor problems tha t  may accom- 

pany ground discharge are eliminated. 

The extended aeration/filtration/chlorination al ternat ive system provides 

t e r t i a ry  1 eve1 treatment for  the CRBRP sanitary wastes. Liquid eff luent  

quality wi 11 comply with the EPA guidelines for  secondary treatment, 

Table 10.6-1, and the State of Tennessee eff luent  quality standards for  

CRBRP sanitary waste discharges, shown in Table 10.6-2. 



Extended ae ra t i on  prov ides secondary l e v e l  t reatment.  I t  uses a modi f i  - 
ca t i on  o f  the d i f f used  a i  r -aerob i  c  d iges t i on  process f o r  sewage decompo- 

s i t i o n  and treatment.  I t  funct ions by main ta in ing  s u f f i c i e n t  oxygen, 

mix ing  and detent ion  t ime t o  a l l ow  microorganisms t o  decompose the 

t r e a t a b l e  wastes. Detect ion t imes are much longer  than convent ional 

a c t i v a t e d  sludge (on the  o rde r  o f  24 hours) e l i m i n a t i n g  the need f o r  

pr imary s e t t l  i ng and reducing sludge product ion.(4) Extended ae ra t i on  

t reatment  w i l l  reduce suspended s o l i d s  by 65 t o  91 percent and biochemi- 

ca l  oxygen demand (BOD) by 75 t o  95 percent.(3) F i l t r a t i o n  o f  the above 

e f f l u e n t  w i  11 prov ide t e r t i a r y  l e v e l  t reatment  and ensure t h a t  e f f l u e n t  

suspended s o l i d s  content  i s  w i t h i n  permiss ib le  l e v e l s .  The f i l t r a t i o n  

u n i t  u t i l i z e s  two 100 percent  capac i ty  slow sand fi 1 t e r s  and w i  11 be 

capable o f  removing 85 percent  o f  the  suspended s o l i d s  from t h e  normal 

e f f l u e n t  o f  extended ae ra t i on  and producing an o v e r a l l  BOD reduct ion  o f  

95 t o  98 percent.  

: -1 Ch lo r ina t i on  of t h e  t e r t i a r y  t reatment  e f f l u e n t  provides d i s i n f e c t i o n  

f o r  the  e l i m i n a t i o n  o f  water-borne pathogens as requ i red  by t h e  State.  

10.6.1.5 ACTIVATED SLUDGEIMEMBRANE FILTRATION 

The a c t i v a t e d  sludge/membrane f i l t r a t i o n  sewage t reatment  system pro- 

duces a h igher  q u a l i t y  e f f l u e n t  than t h a t  poss ib le  v i a  extended aera t ion /  

f i  1 t r a t i o n / c h l o r i n a t i o n .  

Ac t iva ted  sludge i s  a bas i c  secondary t reatment  process u t i  1  i z i n g  b i o -  

l o g i  ca l  decomposi ti on o f  sani t a r y  wastes i n  an aerobic env i  ronment. BOD 

and suspended s o l i d s  reduc t i on  c a p a b i l i t y  i s  s i m i l a r  t o  t h a t  o f  extended 

aerat ion.  

The h ighe r  e f f l u e n t  qua1 i t y  o f  the  a c t i v a t e d  sludge/membrane/fi 1  t r a t i o n  

system i s  accomplished a t  the  t e r t i a r y  t reatment  l e v e l .  Membrane f i  1 t r a -  

t i o n  produces an e f f l u e n t  w i t h  v i r t u a l l y  no suspended s o l i d s ,  BOD o f  

\, i 0-20 mg/l and a "very low" c o l i f o r m  count. (3)  



10.6.1.6 CLARIFICATION/FILTRATION/CARBON ADSORPTION 

The c l  a r i  f i  c a t i o n l f i  1  t r a t i  onlcarbon adsorp t ion  sewage t reatment  system 

a l so  produces a f i n a l  e f f l u e n t  o f  h igher  qua1 i t y  than extended ae ra t i on1  

f i  1 t r a t i o n l c h l o r i n a t i o n .  

C l a r i f i c a t i o n  i s  a secondary l e v e l  t reatment  process t h a t  u t i  1  i z e s  coagu- 

l a t i o n ,  f l o c c u l a t i o n  and sedimentat ion t o  achieve suspended s o l i d s  

reduct ions greater  than t h a t  o f  convent ional b i o l o g i c a l  decomposition 

systems. Chemical coagulants are added t o  the  wastewater t o  form small  

f l o c s  which w i l l  s e t t l e  and are  removed i n  a sedimentat ion ' tank.  F i l t r a -  

t i o n  s i m i l a r  t o  t h a t  employed w i t h  the  extended ae ra t i on  system i s  

u t i l i z e d  t o  p o l i s h  the  c l a r i f i c a t i o n  e f f l u e n t .  

Ac t i va ted  carbon possesses a very h igh  s o r p t i v e  capac i ty  f o r  so lub le  

organ ic  mat ter .  The carbon adsorpt ion u n i t  i s  a t e r t i a r y  l e v e l  t r e a t -  

ment process t h a t  u t i l i z e s  t h i s  capac i ty  t o  produce a f i n a l  e f f l u e n t  

lower i n  BOD than t h a t  o f  the  a c t i v a t e d  sludge/membrane/filtration 

sys tem. 

10.6.2 ELIMINATION OF IMPRACTICAL ALTERNATIVES 

10.6.2.1 TAP-IN TO EXISTING TREATMENT FACILITY 

The employment o f  t h i s  a1 t e r n a t i v e  system requ i res  t h e  presence o f  an 

e x i s t i n g  t rea tmen t  p l a n t  l oca ted  c lose  enough t o  the  CRBRP t h a t  pipe- 

1 i n e  cons t ruc t i on  and pumping costs do n o t  become excessive. Add i t ion-  

a l l y ,  the e x i s t i n g  f a c i l i t y  must be capable o f  hand l ing  t h e  p l a n t  waste 

l o a d  w i thou t  detr iment  t o  i t s  e f f i c i e n c y  o r  e f f l u e n t  q u a l i t y .  

Three sewage t reatment  f a c i l i t i e s  i n  t he  general v i c i n i t y  o f  the CRBRP 

S i t e  were considered. The AEC Gaseous D i f f u s i o n  P lan t  f a c i l i t y  loca ted  

f o u r  m i l es  t o  t h e  n o r t h  does n o t  have s u f f i c i e n t  reserve capaci ty  a t  t h i s  



t ime. Although i t  i s  scheduled f o r  expansion i n  the  near fu ture ,  

dependence on t h i s  cannot be advised and the  d is tance i s  too f a r  t o  

m e r i t  f u r the r  cons idera t ion  of the d i f f u s i o n  p l a n t  f a c i l i t y .  The Oak 

Ridge municipal sewage treatment p l a n t  i s  located 15 m i les  away and on 

t h i s  basis i t  i s  considered too  remote t o  be inc luded as a v i a b l e  a1 t e r -  

na t i ve .  There i s  a small t reatment p l a n t  s e r v i c i n g  the C l inch R iver  

I n d u s t r i a l  Park ( a t  CRM 14.6); however, t h i s  f a c i l i t y  i s  n o t  considered 

a v iab le  a l t e r n a t i v e  because i t  has an excess capaci ty  of on l y  3,000 gpd 

and i s  n o t  expandable. Consequently, an o f f - s i t e  treatment a l t e r n a t i v e  

cannot be considered adaptable f o r  use w i t h  the  CRBRP. 

10.6.2.2 GROUND DISCHARGE 

U t i l i z a t i o n  o f  ground discharge i s  p red ica ted on the  a v a i l a b i l i t y  o f  

s u i t a b l e  s o i l  condi t ions.  As t h e  s o i l  i n  t h e  area o f  the  CRBRP has 

been determined t o  be c l a y  t o  a depth o f  20 t o  30 feet, t h i s  a l t e r n a t i v e  
' 1  

1 i s  n o t  considered t o  be f e a s i b l e  based on the  poor absorpt ion character- 

i s t i c s  exh ib i ted  by c l a y  s o i l s .  

10.6.2.3 INCINERATION 

Raw sewage i n c i n e r a t i o n  i s  no t  considered f e a s i b l e  because o f  a l ack  o f  

demonstrative app l i ca t i ons  o f  t h i s  technology and the  p r o h i b i t i v e l y  h igh  

c a p i t a l  and energy costs invo lved i n  a small- volume u n i t .  

10.6.3 SPECIFICATIONS FOR REASONABLE ALTERNATIVES 

10.6.3.1 EXTENDED AERATION/FILTRATION/CHLORINATION 

A schematic diagram of the  extended aeration/filtration/chlorination 

s a n i t a r y  waste treatment system f o r  the  CRBRP appears i n  F igure 10.6-1. 

System capaci ty  i s  8,000 gpd, a s i z e  t h a t  provides a reserve margin f o r  



handling peak loads. Packaged extended aeration units  a re  offered by 

a variety of manufacturers and have been widely employed nationwide f o r  

hand1 i ng small waste volumes . (3,5) 

Three uni ts  comprise the treatment faci  1 i ty  . The extended aeration u n i t  

includes the aerat ion,  s e t t l i n g  and sludge holding tanks. Sludges wi 11 

be disposed of off-si  t e  by a licensed contractor.  Sand f i  1 t ra t ion  u t i -  

l i z e s  two 100 percent capacity slow sand f i l t e r s  and does not require 

f i  1 t e r  backwashing. Chlorination i s  by hypochlori t e ;  a 1.0 mg/l residual 

level wil l  be maintained i n  the  treatment system ef f luen t .  

The f i na l  e f f luen t  from the  treatment f a c i l i t y  wi l l  contain l e s s  than 

10 mg/l BOD and 5 mg/l suspended so l ids  and wil l  be released t o  the 

r i ve r  through the plant  discharge system. 

10.6.3.2 ACTIVATED SLUDGEIMEMBRANE FILTRATION 

Activated sludge/membrane/filtration sani tary  waste treatment system f o r  

the  CRBRP i s  designed f o r  a flow of 8,000 gpd. I t  i s  estimated t o  

produce a f i na l  e f f luen t  w i t h  10 mg/l BOD and 1 mg/l suspended so l ids .  

10.6.3.3 CLARI FI CATION/FILTRATION/CARBON ADSORPTION 

The cl ar i  f i  ca t i  on/fi 1 tration/carbon adsorption sani tary  waste treatment 

system f o r  t he  CRBRP i s  designed f o r  a flow of 8,000 gpd and i s  estimated 

t o  produce a f i na l  e f f luen t  w i t h  BOD and suspended so l ids  of less  than 

5 mg/l. 

10.6.4 ENVIRONMENTAL COSTS 

The principal environmental concern associated wi t h  the three sani tary  

waste systems iden t i f i ed  in  10.6.3 i s  the e f f e c t  of the  l iquid  e f f luen t  

discharge on the  Clinch River. Effluent qual i ty  of t he  sani tary  treatment 



1 

system a1 te rna t i  ves as compared t o  EPA gui del i nes and Tennessee standards 

i s  shown i n  Table 10.6-3. The magnitude of the e f f ec t s  of sani tary  dis-  
charges can be evaluated by examining the resul t ing changes i n  r i ve r  

water qua1 i t y  under various flow conditions . 

River water qual i ty  changes resu l t ing  from the discharges of the  sani-  

t a ry  system a l te rna t ives  a r e  evaluated f o r  four flow regimes and two 

e f f l uen t  consti tuents (BOD and suspended so l i d s )  i n  Table 10.6-4. In- 

creases i n  BOD 1 eve1 s i n  the  chemical plumes a r e  be1 ow the  1 imi t s  of 

detection fo r  a1 1 three  a1 ternat ives .  (6)  Reduction i n  suspended 

sol ids  concentration a r e  produced as  a r e s u l t  of the high qual i ty  of 

the  san i ta ry  e f f luen ts ,  Table 10.6-3, compared t o  the r i ve r  ambient 

level of 46 mg/l , Table 2.7-61. 

Each of the a l t e rna t ive  sani tary  waste treatment systems produces an 

e f f luen t  too small i n  volume and high i n  qual i ty  t o  be capable of any 

s ign i f ican t  adverse envi ronmental impact on the  Clinch River. Each 

a1 t e rna t i  ve ' s  e f f luen t  complies w i t h  applicable standards f o r  the 

chemical consti tuents examined as shown i n  Table 10.6-3. Relatively 

small sludge quan t i t i es  t ha t  are ea s i l y  processed by the  plant  so l i d  

waste hand1 ing f a c i l i t y  are  produced by each a l t e rna t ive  sani tary  waste 

sys tem. 

10.6.5 ECONOMIC COSTS 

Total monetary cost f o r  t he  extended aera t i  onlf i  1 t r a t i  onlchl ori  nati  on 

system i s  estimated a t  $1.50 per 1,000 gallons t reated.  (3)  This t r e a t -  

ment f a c i l i t y  i s  a packaged u n i t  t h a t  affords easy i n s t a l l a t i on .  Re- 

1 iabi  l i  t y  i s  good and the  required level of operator a t tent ion i s  low. 

Specif ic  monetary costs  were not available f o r  the act ivated s l  udgel 

membranelfi 1 t r a t i on  and cl a r i  f i  ca t ion l f i  1 trat ionlcarbon adsorption 

systems. However, general cost  differences among the three a1 ternat ives  
%\ 

L- 1 can be estimated. 



The a c t i v a t e d  s l  udge/membrane fi 1  t r a t i o n  sys tem i s  more expensive than 

the  packaged extended ae ra t i on  u n i t  due p r i n c i p a l l y  t o  the  h igher  

c a p i t a l  and opera t ing  costs o f  membrane f i l t r a t i o n  as opposed t o  sand 

f i  1  t r a t i o n  and c h l o r i n a t i o n .  (3 )  The re1  i a b i l  i ty o f  t he  a c t i v a t e d  sludge 

system i s  lower a l so  as a  r e s u l t  of the membrane f i l t r a t i o n  process. 

The membrane i s  sub jec t  t o  phys ica l  d e t e r i o r a t i o n  and requ i res  cont inu-  

ous moni tor ing.  

Due t o  the r e l a t i v e l y  h igh  cos t  o f  c l a r i f i c a t i o n  as a  secondary t r e a t -  

ment process and the a d d i t i o n a l  expense o f  carbon r e a c t i v a t i o n  i n  the  

t e r t i a r y  l e v e l  treatment, the c l a r i  f i  c a t i o n / f i  1  t r a t i o d c a r b o n  adsorpt ion 

system i s  the most expensive o f  t h e  th ree  a l t e r n a t i v e s .  (3,7) 

10.6.6.1 DIRECT COMPARISON OF REASONABLE ALTERNATIVES 

The environmental costs f o r  t he  th ree  s a n i t a r y  waste system a l t e r n a t i v e s  

are  s u b s t a n t i a l l y  i d e n t i c a l  because o f  the n e g l i g i b l e  e f f e c t  o f  the  

s a n i t a r y  discharge on the C l i nch  River .  There i s  1  i t t l e  environmental 

preference, therefore,  f o r  the  marginal l y  h igher  qua1 i t y  e f f l  uents 

o f  e i t h e r  the  a c t i v a t e d  s l  udge o r  c l a r i f i c a t i o n  a1 t e r n a t i  ves. 

The packaged extended ae ra t i on  f a c i l i t y  i s  economical ly p re fe rab le  i n  

terms o f  monetary cost,  ease o f  i n s t a l l a t i o n ,  r e l i a b i l i t y  and opera t iona l  

experience. 

10.6.6.2 REASONS FOR SELECTION OF CHOSEN SYSTEM 

The extended aeration/filtration/chlorination system i s  the  se lec ted  

system f o r  t he  treatment of s a n i t a r y  wastes from the  CRBRP. It produces 

a  l i q u i d  e f f l u e n t  f o r  discharge t o  the  C l i nch  R iver  t h a t  f u l l y  complies 

w i t h  t h e  app l i cab le  governmental regu la t ions ,  Sect ion 3.7, and has no 



adverse e f f ec t s  on r i v e r  water qua1 i t y .  Futhermore, the  extended 
aerat ion f a c i l i t y  u t i  1 izes  a we1 1 proven technology, provides reserve 
capabi l i ty  f o r  peak loads and i s  economically advantageous. 



TABLE 10.6-1 

EPA GUIDELINES FOR SECONDARY TREATMENT EFFLUENT QUALITY (8) 

Biochemical Oxygen Demand (BOD) 

Suspended Sol i d s  (SS) 

Fecal Col i form Bac te r i a  

pH 

Monthly Average 

30 mg/l 

30 mg/l 

200 p e r  100 m l  

6.0-9.0 



TABLE 10.6-2 

STATE OF TENNESSEE EFFLUENT QUALITY STANDARDS( ) 

FOR THE CRBRP SANITARY WASTES DISCHARGE 

Monthly Average 

B i  ochemi c a l  Oxygen Demand (BOD) 30 mg/l 

Suspended So l i ds  (SS) 40 mg/l 

Residual Ch 1 o r i  ne 0.5-2.0 mg/l 

Ammonia N i t rogen (as N) 5.0 mg/l 

pH 6.0-9.0 



TABLE 10 .6 -3  

EFFLUENT QUALITY OF SANITARY SYSTEM ALTERNATIVES* 

Extended Aerat ion/  Ac t iva ted Sludge/ C l a r i f i c a t i o n /  
F i  1 t r a t i o n /  Membrane F i l t r a t i o n /  

EPA Guidelines Tennessee Standards Ch lor ina t ion  F i  1 t r a t i o n  Carbon Adsorption 

BOD 30 mg l l  30 mg/l 10 mg/l 10 mg/l 5 mg/l 

Suspended Sol i d s  30 mg/l 40 mg/l 5 mg/l 1 mg/l 5 mg/l 

Residual Chlor ine -- 0.5-2.0 mg/l 1.0 mg/l 0 NA ** 

h o n i  a Ni t rogen - - 5.0 mg/l 0.5 mg/l NA** NA** 

PH 6.0-9.0 6.0-9.0 6.0-9.0 6.0-9.0 6.0-9.0 

* 
Monthly averages 

**Not available 
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10.7 LIQUID RADWASTE SYSTEM 

10.7.1 SYSTEM 

The L i q u i d  Radwaste System i s  designed t o  process contaminated l i q u i d s  

from the  C l inch  R iver  Breeder Reactor P lan t  (CRBRP) p r i o r  t o  reuse o r  

discharge. Design o f  one subsystem i s  aimed a t  no planned re lease o f  

r a d i o a c t i v i t y  t o  the  environment under normal p l a n t  opera t ing  cond i t ions .  

The bas ic  approach i s  t o  decontaminate the  l i q u i d  so t h a t  i t  can be 

reused, t o  s o l i d i f y  t h e  r e s u l t a n t  concentrated radwaste i n  cement, t o  

package i n  disposable drums and t o  t r a n s f e r  the  drums t o  a  l i censed AEC 

con t rac to r  f o r  b u r i a l .  A  second subsystem processes low l e v e l  wastes. 

The source o f  t he  low a c t i v i t y  l i q u i d  i s  t h e  p l a n t  dra ins.  This  a c t i v i t y  

w i l l  be reduced t o  as smal l  a  value as i s  p r a c t i c a b l y  achievable (never 

more than permiss ib le  l e v e l s )  even under abnormal p l a n t  opera t ing  

condi t ions.  
1 
/ 

10.7.1 .1 PURPOSE OF SYSTEM 

Major i n p u t  o f  r a d i o a c t i v e  contaminated f l u i d s  cons is ts  o f  e f f l u e n t s  

from the  Large Component Cleaning Ce l l  (LCCC) and the  Intermediate Com- 

ponent Cleaning C e l l  (ICCC) . Sol u t i ons  are  generated when var ious 

components are  maintained o r  replaced. Before maintenance, inspect ion  

o r  d isposal  of the component can be made, t he  res idua l  sodium con ta in ing  

t r i t i u m ,  f i s s i o n  products (FP) and cor ros ion  products (CP) must be 

removed. I n  some instances h igh  a c t i v i t y  l e v e l s  o f  f i s s i o n  and cor ros ion  

products may be deposited on the  equipment surfaces. I n  these cases, 

the a c t i v i t y  must be removed by a c i d  e t ch ing  before the  maintenance 

personnel can r e p a i r  t he  component. 

The process f o r  accomplishing the  decontamination i s  as fo l l ows .  A  com- 

ponent i s  removed and t rans fer red  t o  an i n e r t e d  c lean ing  c e l l .  Moist  

n i t rogen  i s  added t o  the  c e l l  and the  sodium coat ing  on the  component i s  



converted t o  sodium hydroxide. The component i s  immersed i n  water and 

a f t e r  a s u i t a b l e  t ime, the  water i s  pumped t o  the L i q u i d  Radwaste System 

(LRS). This  process i s  fol lowed by two water r i nses  o f  the component. I t  

i s  p resen t l y  est imated t h a t  a t  l e a s t  294 components w i l l  be processed i n  

t h i s  fash ion  dur ing  the  30-year l i f e  o f  the  p l a n t .  Concentrat ion o f  sod- 

ium and r a d i o a c t i v i t y  and the volume o f  f l u i d  associated w i t h  t h i s  clean- 

i n g  process i s  described i n  Table 10.7-1. A small quan t i t y ,  est imated 

as a t  l e a s t  14 components, w i l l  r equ i re  a c i d  e t ch ing  f o l l o w i n g  the  steam 

n i t r o g e n  reac t i on  and th ree  r inses .  The a n t i c i p a t e d  a c i d  s o l u t i o n  i s  

f i v e  percent  HN03 The a c i d  e t ch  process i s  a l so  fo l l owed  by two r i nses ,  

making a t o t a l  o f  s i x  r inses .  Volume and concentrat ion o f  these f l u i d s  

are  a1 so described i n  Table 10.7-1. F i ss ion  product  concentrat ions pre- 

sented are based on an assumed design value o f  one percent  f a i l e d  f u e l .  

The computed concentrat ions are based on an assumption t h a t  a l l  o f  the  

sodium and 40 percent  o f  the  p l a t e d  a c t i v i t y  on t h e  sur face are  removed 

du r ing  the f i r s t  r i n s e .  I n  subsequent ca l cu la t i ons ,  i t  i s  assumed t h a t  

a l l  o f  the  r a d i o a c t i v e  elements form so lub le  s a l t s  and t h a t  none o f  

these are  removed by the  f i l t e r s  through which the  l i q u i d  i s  pumped. 

The f i n a l  f l u s h  o f  a component sur face i s  used t o  i nsu re  t h a t  a component 

i s  f r e e  o f  contaminat ion before the  component i s  reused o r  moved t o  a 

f a c i l i t y  f o r  r e p a i r  o r  inspect ion .  It i s  assumed, there fore ,  t h a t  when 

t h e  so lu t i ons  are  reused, the  process system res tores  t h e  f l u i d  t o  an 

acceptable p u r i t y .  The sodium l i m i t  i s  equ iva len t  t o  5 ppm Na (as NaN03) 

based on the  20 pmhos/cm s p e c i f i c  conductance g iven i n  F5-1T "Cleaning 

and Cleanl iness Requirements f o r  Nuclear Components". (1  

Based on per forming hands-on-mai ntenance, the res idua l  removable a c t i v i t y  

shoul d be minimized f o r  d i r e c t  dose personnel p ro tec t i on .  A t e n t a t i v e  

s e l e c t i o n  f o r  t h i s  requirement i s  0.1 d i s i n t e g r a t i o n s  per  second per  cubic 
2 

meter squared (dps/cm ) . The removable (smearabl e) remains on the 

component a re  p ropo r t i ona l  t o  the  a c t i v i t y  concent ra t ion  o f  the  r i n s e  



solution. In general, one can assume tha t  a one mil film of water 
remains on the component. If  the solution contains loe3 uCi/cc, the 

surface contamination a f t e r  evaporation of the film will be about 
2 0.1 dps/cm of beta and gamna radiation. 

The average concentration of the sodium and radioactivity being pro- 

cessed and various special processes are presented in Table 10.7-1. As 
can be seen, the calculated input sodium concentration to  the f i r s t  

rinse i s  variable from about 100 to  600 ppm with a single entry of about 

2,500 ppm. Maximum act ivi ty  concentration occurs when the Intermediate 

Heat Exchangers (IHX's) are processed. In th i s  case, the concentration 

i s  about 19 pCi/cc. The largest sodium concentration occurs when the 

acid etch solution i s  neutralized. This i s  equivalent to  18,000 ppm of 

sodi um. 

Low ac t iv i ty  waste, which i s  fed into the Liquid Radwaste System, has 

ac t iv i ty  concentrations which are  less than lom4 pCi/cc. Production of 

these wastes i s  currently estimated as 850-gpd. This water, some of 

which comes from personnel showers, will be discharged a f t e r  decontami- 

nation by processing through an evaporator and a demineralizer and will 

have act ivi ty  levels which are as low as practicable a t  the discharge 

point. 

A tentative selection of acceptable ac t iv i ty  levels that  are less  than 

2 x lo-* pCi/cc (excluding tri t ium) in the effluent stream for  discharge 

has been establ i shed. 

Federal regulations require that  planned releases of 1 iquid wastes be 

less  than the concentrations in e f f l  uents to  unrestricted areas (dis- 

charge to  the Clinch River) described in 10 CFR 20. Alternatives con- 

sidered for  the Liquid Radwaste System design are described in the 

following sections. The alternatives are immediately rejected i f  they 

do not meet Federal regulations. Alternatives tha t  do not meet the 
', 

\.. 



plant  process requirements a r e  a l so  re jec ted as  discussed i n  Sec- 

t ion 10.7.2. Cost-benefit comparisons a r e  made f o r  the  remaining 

a l t e rna t ives  t o  support the recomnended se lect ion i n  subsequent 

sect ions .  

10.7.1.2 IDENTIFICATION OF SELECTED SYSTEM 

A flow diagram of the  se lected design, A1 te rna t ive  7 ,  i s  shown i n  Fig- 

ure 10.7-1. As shown i n  this f igure ,  the Liquid Radwaste System consis ts  

of two subsystems: an Intermediate Activi ty System to  process l iquid  

radwaste from decontaminating components in  the  LCCC and ICCC which 

remove sodium, corrosion products and f i s s ion  products; and a Low 

Activity System t o  process radwaste from plant  dra ins .  

The intermediate a c t i v i t y  level l iquid  system co l l e c t s  and processes 

aqueous e f f luen t s  from the LCCC (40,000 gallon capacity)  and the ICCC 

(12,000 gallon capaci ty) .  Liquids of various quan t i t i e s  a r e  pumped 

from the cleaning c e l l s  through a common header t o  col lec t ion tanks 

located i n  the  Radioactive Waste Area of the Reactor Service Building 

(RSB).  

While in the col lec t ion tanks,  the  l iquid  radwaste i s  reci rcula ted through 

a f i l t e r  t o  remove insoluble so l ids  and the pH is  adjusted by the  

in jec t ion  of a caus t i c  o r  an acid  solution.  The neutral ized l iquid  

radwaste i s  then fed sequent ia l ly  through the f i l t e r s  and an evaporator 

f o r  concentration of dissolved so l i d s  and then t o  the  demineralizer f o r  

pur i f ica t ion of the  d i s t i l l a t e .  

Decontaminated d i s t i l l a t e  i s  s tored i n  tanks with a t o t a l  s torage 

capacity of 40,000 gal lons . Small vol umes of concentrated wastes (-2% 

of the  evaporated volume) generated during evaporation a r e  discharged 

from the evaporator i n to  a concentrated waste col lec t ion tank. The 

condensate i s  sampled f o r  rad ioac t iv i ty ,  f o r  nuclide iden t i ty  and . 



chemical p u r i t y .  Sampling ana lys is  r e s u l t s  w i  11 determine whether the  

condensate i s  adequately decontaminated and a v a i l a b l e  f o r  reuse. 

The low a c t i v i t y  l e v e l  system c o l l e c t s  and processes t h e  water e f f l u e n t s  

from the f l o o r  dra ins,  shower dra ins  and labora tory  drains. Processing 

o f  low a c t i v i t y  waste inc ludes n e u t r a l i z a t i o n  i f  required,  anti-foaming, 

f i l t r a t i o n ,  evaporat ion and demineral i za t ion  s i m i l a r  t o  t h a t  described 

f o r  the  Intermediate A c t i v i t y  System. 

It should a l so  be noted t h a t  t h e  concentrated l i q u i d  radwaste, which 

contains a l l  b u t  a n e g l i g i b l e  amount o f  t he  a c t i v i t y ,  w i l l  be t rans fe r red  

t o  the  S o l i d  Radwaste System which i s  described i n  Sect ion 3.5. Con- 
cent ra ted l i q u i d  radwaste i s  s o l i d i f i e d  i n  cement and the  cement i s  

packaged i n  drums. The drums are capped, marked, monitored and t rans-  

f e r r e d  t o  a l i censed con t rac to r  f o r  d isposal .  

, ? While discharge o f  l i q u i d  wastes t o  t h e  C l i nch  R ive r  i s  n o t  expected f o r  
t he  intermediate l e v e l  a c t i v i t y  stream, s i t u a t i o n s  can be postu la ted 

which lead t o  a circumstance i n  which the  requirements f o r  reusable water 

a re  not  s u f f i c i e n t  and re lease i s  desi rable.  To i l l u s t r a t e  t h i s  circum- 

stance, t h e  assumption i s  made t h a t  10 percent o f  t he  normal inventory  

o f  reusable water may be released. Such s i t u a t i o n s  w i l l  n o t  be p a r t  o f  

normal opera t ing  procedure o f  t he  CRBRP. 

10.7.1.3 IDENTIFICATION OF ALTERNATIVES 

There are  present ly  th ree p r i n c i p a l  methods used t o  process and decon- 

taminate 1 i q u i d  waste streams i n  nuclear  power reac tors  ; (1 ) evaporation; 

(2 )  de ion i  za t i on  (demi nera l  i za t ion )  ; and (3) reverse osmosis . These 

methods have various cos t  and performance c a p a b i l i t i e s  which are u t i l i z e d  

i n  the  s e l e c t i o n  o f  a system design. They a re  f requen t l y  u t i l i z e d  i n  

various combinations t o  ob ta in  a given performance. Decontamination 

c a p a b i l i t y  f o r  an i n d i v i d u a l  method i s  determined by moni to r ing  the  r a t i o  



of radioactivity of the feed to  the effluent stream. The expected Decon- 
tamination Factors (DF) for  each method are shown in Table 10.7-2. These 
estimates are based on experience reported by industry and summarized 
by the AEC in Docket No. RM-50-2. ( 2 )  

Evaporators decontaminate solutions by evaporating water containing 
1 i t t l e  or  no radioactivity from the sol ution. This eventually produces 
a concentrated s a l t  solution containing most, i f  not a l l ,  of the 
radioactivity. 

Ion exchange media (demineral izers )  decontaminate f luids  by exchange of 
the radioactive ions with non-radioactive s table  ions of a different 
chemical species. Performance data on ion exchange are summarized below 

3 and DF's are  l i s t ed  in Table 10.7-2. DF's of 10 or  greater are seldom 
observed i n  practice for  radioactive species. 

The low performance which has been observed for  demineralizers (DI) i s  
due par t ia l ly  to  the existence of the feed solution of insoluble s a l t s ,  
complex ions, colloidal materials and improper selection. For th i s  
study DF's obtained from previous LWR experience wi 11 be considered 
representative of overall performance of demi neral i zer sys tems . 

Reverse osmosis (RO) decontaminates sol utions by permeation of some 
fraction of the solvent, in th i s  case water, through a membrane leaving 
a more concentrated solution to be disposed of i n  some fashion. The 

concentrate stream varies from one to  50 percent of the i n p u t  as a 
function of the feed s a l t  concentration and purity requirements of 

permeate. DF's for  RO units vary by as much as a factor of 15 for  
different  radioactive species. I t  i s  reported i n  Docket RM-50-2 that  

a 20-stage u n i t  may achieve a DF of 30. 

In choosing the al ternat ive designs, an attempt was made to  include 
combinations of evaporation, reverse osmosis and demineral i zation which 



were deemed t o  improve the  o v e r a l l  performance. The a l t e r n a t i v e s  con- 

s idered p r i o r  t o  the  s e l e c t i o n  o f  t he  proposed design are sumnarized 

below. A desc r ip t i on  o f  the  i n p u t  process s o l u t i o n  i s  given i n  

Table 10.7-1. 

10.7.1.3.1 ALTERNATIVE 1 - DIRECT DISCHARGE 

A1 t e r n a t i v e  1, F igure 10.7-2, i s  a base cos t  system design f o r  which the  

c a p i t a l  costs are  minimal and the  released r a d i o a c t i v i t y  i s  t he  h ighest  

of t h e  a l t e r n a t i v e  designs. This a1 t e r n a t i v e  does n o t  provide f o r  decon- 

taminat ion o r  o the r  chemical processing o f  t h e  l i q u i d  radwastes p r i o r  

t o  discharge. The l i q u i d  radwastes i n  both the  Low and Intermediate 

A c t i v i t y  Systems a re  f i l t e r e d  and then s tored p r i o r  t o  discharge i n t o  

a d i l u t i n g  stream. Two 20,000 ga l l on  storage tanks are provided so t h a t  

one may ho ld  the  l i q u i d  radwaste being analyzed t o  determine the  re lease 

r a t e  i n t o  an a v a i l a b l e  d i l u t i o n  stream, w h i l e  the  o ther  tank continues 

t o  rece ive  incoming l i q u i d s .  Thus, l i q u i d s  w i l l  be released from the 

tanks a f t e r  t h e  chemistry and r a d i o a c t i v i t y  o f  t he  so lu t i ons  have been 

completely character ized. Since t h e  1 i q u i  d radwas tes  w i  11 no t  be processed 

f o r  reuse, f resh  suppl ies of water are requ i red  f o r  each wash o f  compo- 

nents i n  the  LCCC o r  the  I C C C .  

10.7.1.3.2 ALTERNATIVE 2 - REVERSE OSMOSIS AND DEMINERALIZATION 

This a l t e r n a t i v e ,  shown i n  Figure 10.7-3, u t i l i z e s  a reverse osmosis 

u n i t  and a demineral izer  stage t o  decontaminate l i q u i d  radwastes i n  the  

Intermediate A c t i v i t y  System. The Low A c t i v i t y  System processing, i f  

necessary, can be c a r r i e d  out  by the reverse osmosis and demineral izer  

un i t s .  Concentrated radwaste discharged from the  reverse osmosis u n i t  

i s  s o l i d i f i e d  by a d d i t i o n  o f  cement and disposed o f  by o f f - s i t e  b u r i a l .  

Contaminated spent r e s i n  from the  demineral izer  i s  t rans fe r red  t o  the  

s o l i d  waste system f o r  packaging and d isposal .  



L i q u i d  radwaste i s  monitored f o r  chemical p u r i t y  and r a d i o a c t i v i t y  a t  

each stage i n  the  processing system. I f  t h e  moni to r ing  i nd i ca tes  t h a t  

e i t h e r  the reverse osmosis o r  demineral izer  stages are  unnecessary f o r  

low a c t i v i t y  stream processing then the system provides f o r  by-pass o f  

e i t h e r  o r  both stages. The Intermediate A c t i v i t y  System w i l l  rece ive  

ac id  e tch  so lu t i ons  from t h e  LCCC as we l l  as water washes. The system 

provides f o r  the  n e u t r a l i z a t i o n  o f  t he  a c i d  s o l u t i o n  p r i o r  t o  processing 

by the  reverse osmosis u n i t .  N e u t r a l i z a t i o n  o f  t he  f l u i d  before  pro- 

cessing by the demineral izer  i s  dependent upon the  choice o f  res in .  

When the  water has been decontaminated and res tored t o  a q u a l i t y  s u i t a b l e  

f o r  reuse, i t  i s  t rans fe r red  t o  a storage tank and then reused as needed. 

10.7.1.3.3 ALTERNATIVE 3 - SINGLE STAGE DEMINERALIZATION 

This a1 t e r n a t i  ve, shown i n  Figure 10.7-4, uses demineral i zers t o  process 

l i q u i d  radwastes i n  both t h e  Intermediate A c t i v i t y  and Low A c t i v i t y  

Systems. A separate demineral i zer f o r  each system provides complete 

separat ion o f  t h e  low and in termedia te  a c t i v i t y  streams. The I n t e r -  

mediate A c t i v i t y  System has p rov i s ion  f o r  n e u t r a l i z i n g  t h e  a c i d  e tch  

so lu t i ons  from the LCCC. The contaminated spent res ins  from the demin- 

e r a l i z e r s  are t r a n s f e r r e d  t o  the  S o l i d  Radwaste System f o r  packaging 

and disposal.  When t h e  water has been decontaminated and res tored t o  a 

q u a l i t y  s u i t a b l e  f o r  reuse i t  i s  t rans fe r red  t o  storage tanks and then 

reused as needed. 

10.7.1.3.4 ALTERNATIVE 4 - SINGLE STAGE EVAPORATION 

This a1 te rna t i ve ,  F igure 10.7-5, employs a s i n g l e  evaporator t o  decon- 

taminate l i q u i d  radwaste i n  both the  Intermediate and Low A c t i v i t y  Systems. 

The Intermediate A c t i v i t y  System has p rov i s ion  f o r  n e u t r a l i z i n g  t h e  a c i d  

e tch  so lu t i ons  from the  LCCC p r i o r  t o  evaporat ion. Concentrated waste 

discharge from the  evaporator i s  s o l i d i f i e d  by the  a d d i t i o n  o f  cement 

and disposed o f  o f f - s i t e .  



The d i s t i  1  l a t e  i s  monitored f o r  r a d i o a c t i v i t y  and chemical qua1 i ty, t rans-  

f e r r e d  t o  a s torage tank and reused o r  reprocessed as requi red.  

10.7.1.3.5 ALTERNATIVE 5 - REVERSE OSMOSIS, DEMINERALIZATION AND 
EVAPORATION 

I n  t h i s  a l t e r n a t i v e ,  l i q u i d  radwaste i n  t he  In te rmed ia te  A c t i v i t y  System 

i s  n e u t r a l i z e d  and f i l t e r e d ,  i f  necessary and then processed by reverse 

osmosis, as shown i n  F igure  10.7-6. The p u r i f i e d  stream from the  

reverse osmosis u n i t  f lows t o  a demineral izer  and then i s  s to red  f o r  

reuse. Concentrate from t h e  reverse osmosis u n i t  f lows i n t o  an evap- 

o r a t o r  where i t  i s  d i s t i l l e d .  The d i s t i l l a t e  i s  f ed  t o  a storage tank 

f o r  reuse. Concentrated waste from the  evaporator i s  s o l i d i f i e d  by 

the  a d d i t i o n  o f  cement and i s  disposed o f  o f f - s i t e .  

The l i q u i d  radwaste i n  the  Low A c t i v i t y  System i s  f i l t e r e d ,  processed i n  

the  demineral izer  and s to red  f o r  reuse. Contaminated spent r e s i n  from :> t he  demineral izer  i s  t r a n s f e r r e d  t o  the  s o l i d  waste system f o r  packaging 

and d isposal .  

Note t h a t  a s i n g l e  demineral izer  i s  used t o  process l i q u i d  radwastes 

frqm both the  Low and In te rmed ia te  A c t i v i t y  Systems. 

10.7.1.3.6 ALTERNATIVE 6 - EVAPORATION AND DEMINERALIZATION 

This a l t e r n a t i v e  u t i l i z e s  an evaporator and a demineral izer  i n  the  

Intermediate A c t i v i t y  System and a demineral izer  i n  the  Low A c t i v i t y  

System, as shown i n  F igure 10.7-7. A t r a n s f e r  system has been inc luded 

t o  enable processing the  l i q u i d  from the  low l e v e l  c o l l e c t i o n  tank 

through the  Intermediate A c t i v i t y  System evaporator i f  such processing 

i s  requi red.  Concentrated radwaste from the  e v a p ~ r a t o r  i s  s o l  i d i f i e d  

by the a d d i t i o n  of cement and disposed o f  o f f - s i  t e  by b u r i a l .  Contami- 

nated spent r e s i n  from the  demineral izers i s  t r a n s f e r r e d  t o  the  s o l i d  

radwaste system f o r  packaging and d isposal .  
\ 

\ 



L i q u i d  radwaste i s  monitored f o r  chemical p u r i t y  and r a d i o a c t i v i t y  a t  

each stage i n  the  processing system. If t h e  moni tor ing o f  the  l i q u i d  

i n  the  low l e v e l  a c t i v i t y  c o l l e c t i o n  tank i nd i ca tes  t h a t  t he  l i q u i d  

waste cannot be decontaminated by the  demineral izer,  then the  evaporator 

i n  the  Intermediate A c t i v i t y  System can be used. N e u t r a l i z a t i o n  o f  the  

a c i d  e tch  water i s  provided f o r  i n  the  Intermediate A c t i v i t y  System p r i o r  

t o  processing i n  the  evaporator and demineral izer.  

When the  l i q u i d  radwastes have been decontaminated and the  water has been 

res tored t o  a q u a l i t y  s u i t a b l e  f o r  reuse, the  water w i l l  be t rans fe r red  

t o  a storage tank and reused as needed. 

10.7.1.3.7 ALTERNATIVE 7 - EVAPORATION AND DEMINERALIZATION LOW AND 
INTERMEDIATE LEVELS 

I n  t h i s  a l t e r n a t i v e ,  a s e t  cons is t i ng  o f  an evaporator and a demineral izer  

i s  u t i l i z e d  i n  the  intermediate radwaste system and a second s e t  con- 

s i s t i n g  o f  an evaporator and a demineral izer  i s  incorporated f o r  use i n  1 
t he  low a c t i v i t y  radwaste system. Figure 10.7-1 i s  a schematic diagram 

o f  t h i s  a l t e r n a t i v e .  The presence o f  t he  a d d i t i o n a l  evaporator on the 

Low A c t i  v i  t y  System provides adequate process capabi 1 i t i e s  i n  the  event 

t h a t :  (1) evaporator i s  n o t  opera t iona l ;  (2)  both the  intermediate and 

low l e v e l  streams requ i re  co inc ident  processing; and (3) capaci ty  o f  

both evaporators are needed t o  process a s i n g l e  stream. Concentrated 

radwaste from the  evaporators i s  s o l i d i f i e d  by the  a d d i t i o n  o f  cement 

and disposed o f  o f f - s i t e  by b u r i a l .  Contaminated spent r e s i n  from the 

demineral izers i s  t rans fe r red  t o  the  S o l i d  Radwaste System f o r  packaging 

and disposal.  

10.7.1.3.8 LAUNDRY ALTERNATIVE 

There are two a l t e r n a t i v e  designs f o r  the  processing o f  laundry wastes. 

I n  the  f i r s t ,  the  l i q u i d  waste i s  f i l t e r e d ,  monitored and discharged 

i n t o  a d i l u t i n g  stream. I n  the  second, the  f i l t e r e d  l i q u i d  e f f l u e n t  i s  



processed by reverse osmosis. The purified stream flows to  a monitoring 

tank for  discharge into a diluting stream. Concentrate from the reverse 
osmosis stream flows into the Low Activity System for  further processing 
and discharge or  reuse. 

A t  present no laundry waste processing system i s  contemplated. Clothing 
will be laundered a t  the Oak Ridge laundry f ac i l i t y .  

10.7.2 ELIMINATION OF IMPRACTICAL ALTERNATIVES 

There are input concentrations for  sodi um and radioactivity tha t  each 
of the Intermediate Activity System design a1 ternatives must process t o  
values suff ic ient ly  low so that  the level i s  sui table  for  reuse or  
discharge. The evaluation of the potential a1 ternat i  ves uti 1 izes a 
real i s t i c  treatment of (1 ) equipment capabili t ies and (2) the capabi 1 i t i e s  
needed fo r  processing . 

I t  was assumed that  the numbers for  equipment DF's i n  Docket RM-50-2 are  
appl icable fo r  radioactive species. The highest sodium and radioactive 

concentration have been used i n  comparing the al ternat ive process capa- 
b i l i t y .  This involves an estimated 14 out of 308 or  f ive  percent of the 

components and about 10 percent of the water being processed. I t  has 
been assumed in a l l  of the ac t iv i ty  concentration calculations that  

80 percent of the total  deposited ac t iv i ty  i s  removed during the steam- 
nitrogen and subsequent three water rinses. A l l  of the sodium i s  assumed 
to be removed in the f i r s t  r inse.  

The processed and 10-percent-conti ngency ef f l  uent concentrations and 
the limiting c r i t e r i a  presented in a previous discussion in Sec- 
tion 10.7.1 . l ,  are  presented i n  Table 10.7-3. Review of the table will 
show Alternatives 1 ,  2 ,  3 and 5 are eliminated as not responsive to  any 

of the applicable reuse or  discharge c r i t e r i a .  A1 ternative 4 i s  rejected 
as not meeting the reuse c r i t e r i a  for  sodium act ivi ty .  



10.7.3 SPECIFICATIONS FOR REASONABLE ALTERNATIVES 

Process requirements have been inc luded i n  the  d iscussion .of t he  system 

under Sect ion 10.7.1. The a1 t e r n a t i  ves t h a t  can meet these requirements 

are 6 and 7. Charac te r i s t i cs  f o r  these a l t e r n a t i v e s  have been described 

i n  Sect ion 10.7.1. 

The se lec ted  L i q u i d  Radwaste System, A l t e r n a t i v e  7, described i n  Sec- 

t i o n  10.7.1.2, and A l t e r n a t i v e  6, described i n  Sect ion 10.7.1.3, are 

designed t o  decontaminate, s to re  and reuse o r  discharge l i q u i d  radwastes. 

These designs are  capable o f  minimal re lease o f  rad ioac t i ve  e f f l u e n t s  

i n t o  the  environment. When i t  becomes necessary t o  dispose o f  excess 

1 iqu ids ,  t he  system provides f o r  the  decontamination by f i  1 t r a t i o n ,  

evaporat ion and deminera l i za t ion  o f  the  l i q u i d  p r i o r  t o  release, under 

cond i t ions  t h a t  meet t h e  design o b j e c t i v e  o f  re leas ing  as l i t t l e  rad io -  

a c t i v i t y  as p rac t i cab le .  S o l i d  r a d i o a c t i v e  wastes w i  11 be packaged 

and disposed o f  by o f f - s i t e  b u r i a l .  

10.7.5 ECONOMIC CONSIDERATIONS 

An est imate o f  c a p i t a l  and opera t ing  costs i s  presented f o r  the two 

a1 t e r n a t i  ves s a t i s f y i n g  the process requ i  rements f o r  reuse and compliance 

w i t h  Federal Regulations i n  the  case o f  re lease t o  t h e  discharge stream. 

For low s a l t  concentrat ions, the opera t ing  costs f o r  demineral i z e r s  and 

evaporators a re  s i m i l a r .  The cos t  f o r  a h igh  s a l t  load, r a t h e r  than an 

average load, i s  shown i n  Table 10.7-4 and was used t o  i l l u s t r a t e  the  

expected use where demineral izer  r e s i n  costs are d i f f e r e n t  than those 

o f  an evaporator.  Operat ing costs associated w i t h  processing 40,000 ga l  - 
lons  o f  n e u t r a l i z e d  a c i d  which produces a s o l u t i o n  conta in ing  18,000 ppm 

o f  sodium are shown i n  the  tab le .  Cap i ta l  cost,  shown i n  the  l a s t  l i n e  

o f  Table 10.7-4, inc ludes a l l  o f  the equipment shown i n  the  f l ow  diagrams 



discussed i n  Sect ion 10.7.1.3. Processing (ma te r ia l )  cos t  i s  shown i n  

the  t h i r d  l i n e  and inc ludes estimates o f  r e s i n  replacement and energy 

costs. The n e x t  1 ine, c a l l e d  L i q u i d  Waste, gives an est imate o f  the  

volume o f  waste produced by the  given design a1 t e r n a t i v e  and the  cost  

o f  s o l i d i f y i n g  the  given volume. Cost f o r  disposal o f  the requ i red  

volume o f  res ins  which w i l l  have t o  be replaced a f t e r  a batch i s  pro- 

cessed i s  a l so  shown. The operat ing cost  inc ludes the  sum o f  the  pro- 

cessing, s o l i d i f i c a t i o n  and shipment costs o f  t he  l i q u i d s  and res ins .  

A base case was made which considers so l  i d i f y i n g  a1 1 o f  the processed 

etch so lu t i on .  The volume t o  be s o l i d i f i e d  from t h i s  s i n g l e  batch i s  

about one-half  o f  t h a t  amount which would be produced dur ing  the  l i f e  o f  

t h e  p l a n t  if evaporators are used. Tota l  operat ing cost  f o r  evaporators 

over the  l i f e  o f  the  p l a n t  i s  est imated t o  be $160,000 which i s  con- 

s ide rab ly  l ess  than the  cos t  t o  process a s i n g l e  batch o f  h igh  sodium 

concentrat ion waste w i t h  demineral i zers o r  reverse osmosis uni  t s .  

Table 10.7-5 i s  a summary o f  the  e s s e n t i a l l y  i d e n t i c a l  operat ing and 

processing costs f o r  A1 te rna t i ves  6 and 7 f o r  a1 1 o f  the  f l u i d s  over 

the  1 i f e  o f  the  p lan t .  

10.7.6 COMPARISON OF ALTERNATIVES 

I n  Table 10.7-3, the  process and 10 percent contingency e f f l u e n t  con- 
cent ra t ions  are summarized. Only A1 te rna t i ves  6 and 7 meet the  process 

reuse and discharge stream requirements imposed. 

A1 t e r n a t i v e  6 uses an evaporator and demineral i z e r  f o r  processing the  

intermediate a c t i v i t y  radwaste and a demi ne ra l  i z e r  f o r  processing 1 ow 

a c t i v i t y  streams. As seen i n  Figure 10.7-7, t h i s  i s  a closed system. 

This design was n o t  se lec ted because operat ing condi t ions may occur 

such t h a t  some low l e v e l  a c t i v i t y  requires h igher  decontamination than 

can be obta ined w i t h  a demineral izer.  When t h i s  occurs, some a c t i v i t y  
from the Intermediate System, i n c l u d i n g  t r i t i u m ,  w i l l  eventua l ly  be 

-- 



recycled i n to  the Low Activity System streams including personnel 
showers. Another reason f o r  se lect ing A1 te rna t ive  7 is  t ha t  an addit ional  
evaporator wil l  provide backup i n  the event t h a t  one evaporator i s  not 
operational .  Additionally, use of another evaporator r e su l t s  i n  added 

f l e x i b i l i t y  in the  event t ha t :  (1 )  both the  intermediate and low level 
stream needs processing; and (2)  both evaporators a r e  needed t o  process 
a s ingle  stream. Comparisons of Alternatives 6 and 7, the two pract ica l  
a1 ternat ives  , are  presented i n  Table 10.7-7. The qua1 i t a t i v e  assess-  
ments are  based on discussion already developed in this section.  

The addit ional  cap i ta l  cos t  of A1 te rna t ive  7 achieves a processing capa- 
b i l i t y  of the intermediate stream even i n  the case of one non-operational 
evaporator and assures t h a t  there wi l l  be no d i r e c t  personnel contact  
w i t h  the  Intermediate Liquid Radwaste System. On an "as low a s  pract ica l  
basis" and based on the en t i  re di scussion of demineral i za t ion,  reverse 
osmosis and evaporation, the  chosen system f o r  the CRBRP i s  A1 te rna t ive  7 ,  
described i n  Section 10.7.1.2 and shown i n  Figure 10.7-1. 

10.7.7 BALANCE OF PLANT CONSIDERATIONS 

Tritium, which en te r s  the  main stream i n  the  steam generator,  becomes 
chemically bonded t o  form tri t i  ated water vapor. The steam i s  condensed 
and the  water contains tri t i  um. Any outflow from the steam water system 

contains t r i  t i a t e d  water, which cannot be separated from non-tri t i  ated 
water. Methods of handling of the associated l iqu id  wastes are  considered 
in this section.  

10.7.7.1 IDENTIFICATION OF ALTERNATIVES 

10.7.7.1.1 STORAGE 

This proposed a1 t e rna t i  ve would s t o r e  the associated BOP t r i  t i  um wastes 
on-si te  f o r  t he  l i f e  of the  plant .  I f  a ne t  outflow of one gpm f o r  



leakage from the  feedwater and condensate system i s  assumed, a storage 

capaci ty  o f  400,000 ga l l ons  per  year  f o r  30 years i s  requi red.  This  

a l t e r n a t i v e  study assumes storage would be prov ided i n  12 tanks, each 
6 w i t h  a capaci ty  o f  1 x  10 ga l lons  measuring 65 f e e t  diameter by 40 f e e t  

high. 

10.7.7.1.2 DIRECT DISCHARGE AFTER DILUTION 

The d i r e c t  discharge a l t e r n a t i v e  assumes a n e t  ou t f l ow  o f  one gpm b leed 

from t h e  feedwater and condensate system and design re lease o f  1.5 Curies 

per  day o f  t r i t i u m .  This  b leed i s  combined w i t h  the  coo l i ng  tower blowdown 

annual average f l o w  o f  2,700 gpm mixed w i t h  the  feedwater and condensate 

system b leed f low.  

10.7.7.1.3 ADDITIONAL DILUTION 

' 1 
\ ,  

I F i n a l  r a d i o a c t i v i t y  concentrat ion o f  the  1 i q u i d  waste e n t e r i n g  the C l inch  

R ive r  depends upon the  concentrat ion of l i q u i d  and the  d i l u t i o n  f low.  For 
a f i xed  concentrat ion of the waste system, a l a r g e r  d i l u t i o n  f l ow  r a t e  

reduces the f i n a l  concentrat ion.  

Source o f  the d i l u t i o n  water  f o r  the  a l t e r n a t i v e  considered i s  t he  

C l i nch  River .  To ta l  d i l u t i o n  f low assumed i s  55,000 gpm. A coo l i ng  

tower blowdown o f  2,700 gpm provides p a r t  o f  the d i l u t i o n  f low.  The re -  
maining 52,300 gpm i s  taken from the r i v e r ,  mixed w i t h  t r i t i a t e d  conden- 

sate and the  coo l i ng  tower blowdown and discharged i n t o  the  r i v e r .  A 

d i  1  u t i o n  water pumphouse conta in ing  two 100-percent capac i ty  pumps i s  

provided. Suct ion i s  taken d i r e c t l y  from the r i v e r .  The i n take  and d i s -  

charge s t ruc tu res  are  increased i n  s i ze  t o  handle the  e x t r a  d i l u t i o n  f low.  

A d i l u t i o n  Water Pumphouse, measuring 40'-6" by 25 ' ,  w i l l  be requ i red  

t o  assure proper operat ion o f  the d i l u t i o n  water  pumps. Two 100-percent 

capac i ty  (55,000 gpm a t  15 ft TDH) v e r t i c a l  , wet pj t pumps w i  11 be 



u t i l i z e d  t o  supply water t o  a common d i l u t i o n  header f o r  proper mix ing o f  

the  p l a n t  blowdown and t o  immediately discharge back t o  the r i v e r .  

The blowdown l i n e  from the c i r c u l a t i n g  water pumphouse w i  11 be a 10-inch 

l i n e  which w i l l  connect t o  a 54-inch l i n e  a t  the  d i l u t i o n  water pumphouse. 

This 1 i n e  w i l l  run adjacent t o  the  east  e x t e r i o r  w a l l  o f  t h a t  s t r u c t u r e  

and discharge a t  the r i v e r  bank. 

10.7.7.1.4 PACKAGING 

I n  t h e  packaging a l t e r n a t i v e ,  the  l i q u i d  waste i s  combined w i t h  a s o l i d i -  

f y i n g  agent. The r e s u l t a n t  s o l  i d  i s  shipped o f f - s i  t e  t o  an approved 

b u r i a l  s i t e .  

I n  the  a l t e r n a t i v e s  study, an ou t f l ow  r a t e  o f  one gpm i s  assumed. L i q u i d  

waste would be produced a t  a r a t e  o f  1440 gpd. The l i q u i d  i s  assumed 

t o  be mixed i n  55-gal lon drums w i t h  Cyanoloc ( a  t y p i c a l  s o l i d i f y i n g  

agent) a t  a r a t i o  o f  3: l  t o  form a s o l i d .  Disposal o f  the d a i l y  inventory  

requ i  res 36.7 drums. 

10.7.7.2 ENVIRONMENTAL CONCERNS 

The d i r e c t  environmental concern invo lves  the  re lease o f  the  t r i t i u m  and 

r e s u l t i n g  concentrat ions t o  whi ch t h e  pub1 i c w i  11 be exposed. Re1 eases 

from the  BOP t r i t i u m  f o r  t h e  four a l t e r n a t i v e s  considered are g iven i n  

Table 10.7-7. A l l  release a l t e r n a t i v e s  considered are seen t o  r e s u l t  

i n  releases w i t h i n  a few percent o f  10 CFR P a r t  20 l i m i t s  w i t h  t h e  

storage and packaging a1 t e r n a t i  ves r e s u l t i n g  i n  zero re lease (excluding 

any 1 eakage) . Source terms u t i  1 i z e d  i n  the  ca l cu la t i ons  are presented 

i n  Table 10.7-8. 

There are add i t i ona l  envi ronmental concerns associated w i  t h  the  a1 terna-  

t i v e s  under discussion. An examination o f  the a1 te rna t i ves  study should 



not omit consideration of effects  associated with transportation or  tank 

leakage inherent in parti  cul a r  systems. Such considerations apply to  

the packaging and storage a1 ternat i  ves respecti vely . An additional en- 

vi ronmental concern i s  final deposition of wastes associated wi t h  both 

these a1 ternati  ves. Imp1 i ci t in the added di 1 uti on a1 ternat i  ve i s  the 

environmental impact associated with the increased use of the Clinch 

River and increased significance in intake and discharge effects .  

10.7.7.3 ECONOMIC CONSIDERATIONS 

Economi c consi derati ons and comparisons of the a3 ternat i  ves under con- 

sideration are presented in Table 10.7-9. Incremental costs are pro- 

vided w i t h  the d i rec t  discharge a1 ternative serving as the base case. 

Direct discharge resul ts  in no modification t o  the balance of plant 

design, therefore no additional cost i s  incurred. The added dilution 

al ternat ive i s  shown t o  resul t  in higher costs mainly associated with 
'\ 
I capital costs of pumps and structural costs. The storage al ternat ive 

resul ts  in very high incremental capital costs due t o  the tank pro- 

vision. Estimated costs are $4.5 mil lion. The packaging a1 ternative i s  

shown t o  be the most expensive of a l l  alternatives.  An economi c cost 

of over $14 million i s  required fo r  operating costs associated with 

pumps, chemi cal s , drums, shipping and buri a1 of wastes. 

10.7.7.4 COMPARISON OF ALTERNATIVES 

A qualitative assessment of the d i rec t  discharge, added dilution, stor- 

age and packaging a1 ternatives are presented in Table 10.7-10. All a l -  

ternatives are seen to sa t i s fy  the 10 CFR 20 l imits for  associated re- 

leases. The storage al ternat ive i s  an expensive al ternat i  ve requiring 

resolution of the matter of final deposition of the stored 1 iquids. The 

packaging alternative i s  also an expensive al ternat ive requiring reso- 

1 ution of an ultimate disposal problem. The added dilution a1 ternat i  ve 

involves an increased capital cost re lat ive to  the direct  discharge 



a l t e r n a t i v e  w h i l e  s i g n i f i c a n t l y  pe r tu rb ing  t h e  BOP design i n  terms o f  

i n t a k e  and discharge impacts and use o f  t h e  C l inch  R ive r  water. 

D i  r e c t  discharge o f  BOP 1  i q u i  d  tri t i urn c o n s t i t u t e s  an a1 t e r n a t i  ve t h a t  

complies w i t h  10 CFR 20 l i m i t s  w h i l e  n e i t h e r  i n c u r r i n g  associated waste 

d isposa l  problems n o r  p e r t u r b i n g  balance o f  p l a n t  design. As such, i t  

o f f e r s  d e f i n i t e  advantages over o t h e r  reasonable a1 t e r n a t i  ves and i s  t h e  

method t o  be u t i l i z e d  f o r  t he  CRBRP. 



TABLE 10.7-1 

ESTIMATED PROCESS INPUT DATA 

Vo 1 ume* 
Number Requi rement ~ o n c e n t r a t i  on## 

o f  Gal 1 ons Type o f  Concentration ( v c i  /cc) 
Components (30 years) Process ( ppm Na) FP & CP 

308** 1.1 x 10 l s t r i n s e  2 82 4 

29 4+ 674,000 1s t  r i n se  300 1.3 

1 4" 436,000 1s t  r i n se  244 5 .O 

14 436,000 Acid etch 18,000 2.5 

4V 160,000 1s t  r i n se  592 18.8 

I VV 40,000 1s t  r i n se  2,580 0.35 

303# 900,000 1 s t  r i nse  135 1 

*Volumes f o r  process described does not  inc lude subsequent r inses 

**Total f i  r s t  r inses 

+Total o f  non-acid etch f i r s t  r inses 

++Acid e tch f i r s t  r inses 

V IHX 

vVIRP - Intermediate Rotat ing Plug 

#LOW sodium f i r s t  r inses 

##I .O% defec t ive  fue l  assumed 



TABLE 10.7-2 

Demi n e r a l  i zers 

LIQUID RADWASTE - DECONTAMINATION 

FACTORS USED IN  SOURCE TERM CALCULATIONS 

Decontawinati on Factors For A c t i v i t y  

'2 Cs,Rb Y Mo Others - - - -  

Mixed-bed (H' -OH- form, c lean l o 2  2 1 1 1 o2 
waste) 

BW R - 
Mixed-bed (H' -OH- form, c lean l o 2  10 1 1 1 o2 

waste) 

PWR and BWR 

Mixed-bed i n  evaporator  
condensate 

Removal o f  Mo and Y by p l a t i n g  - - - - 10 l o 2  - - 
out,  f i l t r a t i o n ,  demineral iz-  
a t i on ,  e t c .  

EVAPORATORS 

Waste 

REVERSE OSMOSIS 

l o 3  l o 4  l o 4  l o 4  l o 4  

A l l  1.5 per  stage 



TABLE 10.7-3 

CONCENTRATION OF SODIUM AND A C T I V I T Y  

Concentrat ion A f t e r  Processing Discharge A f t e r  D i l u t i o n  

L i m i t i n g  L i m i t i n g  L i m i t i n g  
C r i t e r i a  A c t i v i t y  C r i t e r i a  A c t i v i t y * *  ~ c t i v i  t y f  C r i t e r i a  

A1 t e r n a t i  ve Process* Sodium PPM (PPM) ($ i / cc )  (uCi /cc)  (C i  ) (pCi/cc) ( ~ c i  /CC) 

I n i t i a l  18,000 5 18.8 x l o0  .001 2860 18.8 x 10 O 2 x l o - 8  

1  None 18,000 

4  EVAP 1.8 

5 R O ~ O %  DI 
10% EVAP 

6  EVAP 99% 0.18 
DI 

7 EVAP 99% 0.18 
DI 

DF's U t i l i z e d  

Na Conc. A c t i v i t y  

DI 10 10 

RO ( 1  stage) 10 1.5 

EVAP 1  o4 l o 4  

*Percentages quoted i n d i c a t e  percent o f  f l u i d  proceeding t o  stage i n d i c a t e d  

* *A l t e rna t i ves  2  t h r u  7 assume a  10% re lease o f  t h e  e f f l u e n t  s to red  

'A d i l u t i o n  stream o f  3.2 x 10'' cc per  yea r  i s  assumed based on 2380 gpm coo l i ng  tower blowdown and a  
68% p l a n t  capac i ty  f a c t o r  



TABLE 10.7-4 

COMPARISON COST OF PROCESSING 40,000 GALLONS AT 18,000 ppm Na 

Low A c t i v i t y  Process* 

I n t .  A c t i v i t y  Process 

L i q u i d  Waste (Gal lons)  

Resin S o l i d  Waste ( F T ~ )  

COSTS ( $ ,000) 

Processing** 

L i q u i d  waste+ 

Resin waste++ 

Operat ing 

Capi t o1  

A l t e r n a t i v e  6 A1 t e r n a t i  ve 7 

D I EV + DI 

EV + D I  EV + D I  

6 x l o 3  6 x l o 3  

60 6 0 

*DI - Deionizer  
EV - Evaporator 

**Includes on ly  rep1 acement r e s i n  cos t  and energy cos t  

+To concrete and sh ip  low a c t i v i t y  waste m u l t i p l y  x 3 f o r  h igh  a c t i v i t y  
waste 

++Resin d isposa l  



TABLE 10.7-5 

OPERATING COSTS FOR 30 YEARS 

(A l te rna t i ves  6 o r  7) 

Mater ia l  and Energy 3.5 

Disposal : 

Neut ra l i zed ac id  etch waste* 130.0 

L iqu id  o ther  than ac id  e tch  waste** 30 .O 

To ta l  165 .O 

5  
*Based on t o t a l  a c i d  volume o f  4.4 x 10 ga l lons  and Na conc. o f  

18,000 ppm 
6 

**Approximately 4.4 x 10 gal lons water 



TABLE 10.7-6 

COMPARISON OF PRACTICAL ALTERNATIVES 

Compliance w i t h  "as low as 
p r a c t i  cable" re1 eases guide- 
1 i nes 

Compliance w i t h  
Na concent ra t ion  l i m i t s  
f o r  process reuse 

Compl i ance w i  t h  a c t i v i t y  1 i m i  t s  
f o r  process reuse 

Operat ing Cost 

Cap i ta l  Cost 

~ Po ten t i  a1 D i r e c t  Personnel 
Contact w i t h  In te rmed ia te  
L i q u i d  Radwaste F l  u i d  

i 

I n te rmed ia te  Stream process 
capabi li t y  i n  event o f  one 
non-operat i  onal evaporator  

A1 t e r n a t i  ve 7* A1 t e r n a t i  ve 6 

Yes Yes 

Yes Yes 

Yes 

Base 

Base 

Yes 

S i m i l a r  

Lower 

N o Yes 

Yes N o 

I 
I *Choice f o r  CRBRP 



TABLE 10.7-7 

RELEASE OF RADIOACTIVITY 

D i  r e c t  Added 
Releases Discharge D i  1 u t i o n  Storage Packaging 

Concentrat i  on Ci 
a t  S i t e  Boundary 1.0 x 10- l0 5 x 10- l2  0 0 

F r a c t i  on o f  10gCFR20 
l i m i t ,  3 x 10- - C i  0.3 l o m 1  1.7 0 0 

"1.75 Ci/day x .68 capaci ty  factor!  = 1 :19 expected, 1.5 design 



TABLE 10.7-8 

SOURCE TERMS 

P l  an t  Capacity Factor 

Net Outflow 

Rad ioac t i v i t y  Inpu t  t o  Steam Water System 
( 100% Power) 

Cool ing Tower Bl  owdown 

0.68 

1 gpm 

1 .75 Curi eslday 

2,700 gpm 



TABLE 10.7-9 

Cap i ta l  Costs 

Tanks 

ECONOMIC COSTS 

( M i  11 ions  o f  Do1 1 a rs )  

A1 te rna tes  

Di r e c t  Added 
Discharge Di 1 u t i  on Storage Packaging 

Base 0 4.5 0 

Pumps Base 0.25 0 0 

S t r u c t u r a l  Costs Base 0.52 

Subto ta l  

Operat ing Costs 

Pumps* 

Chemi ca l  s** 

 rums^ 
 hi ppingtt 

B u r i  a1 V 

Subto ta l  

Base 0.77 4.5 0 

Base 0.07 0 0 

Base 0 0 5.33 

Base 0 0 4.16 

Base 0 0 2.51 

Base 0 0 2.37 

Base 0.07 0 14.37 

Tota l  Costs Base 0.84 4.5 14.37 

*Investment cos t  o f  power $/kw = 317 

**$I 3.301drum 

+$lO/drum 

++$6.30/drum 

~$5.88/drum 



TABLE 10.7-10 

COMPARISON OF ALTERNATIVES 

D i  r e c t  Added 
Discharge D i l u t i o n  Storage Packaging 

Compl i ance w i t h  Yes Yes Yes Yes 
10 CFR 20 

Cap i ta l  Cost Base High Very High Zero 

Operat ing Cost Base Simi l a r  None Very High 

Associ ated Waste None None Yes Yes 
Disposal Consi d- 
e r a t i  ons 

Per tu rba t i on  t o  None S i  gnT f i  cant S i g n i f i c a n t  None 
balance o f  P lan t  
Design 

Transpor ta t ion  None None None Yes 
Considerat ions 



H-iJ t (I! 

I5 
t 
(I! 
t. 
(I! 



- 
0 
W 
2 
rY 
W 
I - :  
Z - 



INTERMEDIATE ACTIVITY SYSTEM 

FROM SODIUM REMOVAL AND DECQNTAM l NATION SYSTEM 

COLLECTION 
WATER 4 TANK k NEUTRALIZATION 

COLLECTION 
PLANT 
DRAINS 4 TANK 

REVERSE 
OSMOSIS DEMl NERALIZER 

I b v 

TO SOLID 
WASTE SYSTEM 

I 

LOW ACTIVITY SYSTEM 

FILTER w 

STORAGE 

TANK 

Figure 10.7-3 ALTERNATIVE 2, REVERSE OSMOSIS AND DEMINERALIZATION 
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F i g u r e  10.7-6 ALTERNATIVE 5, REVERSE OSMOSIS, EVAPORATION AND 
DEMINERALIZATION OF RADWASTE 





10.8 GASEOUS RADIOACTIVE WASTE PROCESSING 

Gaseous radioactive waste products generated in the CRBRP are to  be con- 
tained and processed to  assure tha t  any gaseous radioactive release from 
the plant will not have an adverse e f fec t  on the environment. The pro- 
cessing system wi 11 therefore be designed to minimize such releases from 
the plant and a t  a l l  times assure tha t  such releases are within the 
established permissible levels.  

Radioactive gases are produced i n  the reactor fuel , in the sodium coolant 
and i n  the atmosphere surrounding the reactor. Isotopes of the noble 
gases, krypton and xenon, are produced within the fuel assemblies as 
fission products and may be released to  the primary sodium and spent fuel 
storage sodium as a resul t  of fuel cladding defects. For the analysis 
presented below and as a plant design basis,  i t  i s  assumed tha t  one per- 
cent of the fuel has cladding defects and the release to  the coolant i s  
in accordance with the Kayser empirical formulation. The expected 
fuel cladding defect ra te ,  based on LWR experience, i s  significantly 
lower; therefore, considerable conservatism exis t s  in the design cal cu- 
la t ion.  

Noble gas, Ne-23, i s  generated i n  the sodium i n  the reactor core as a 
resu l t  of the (n,p) reaction on Na-23. Radioactive argon (Ar-39 and 
Ar-41) i s  produced in the reactor from the (nYy)  and ( n ,  2n) reactions 
w i t h  the argon cover gas and ( n , p )  reactions with impurities K-39 and 
K-41, in primary sodium. 

Radioactive isotopes of carbon and nitrogen are generated in the nitrogen 
atmosphere surrounding the reactor guard vessel by ( n  ,p) and ( n  ,y) reac- 
tions w i t h  nitrogen. 

Tritium i s  generated in the boron carbide control rods by various neutron 
reactions and i n  the fuel by ternary f i ss ion ,  from which i t  diffuses 



through the  c ladding mate r ia l s  t o  the  pr imary sodium (100% release i s  

assumed, again adding conservatism t o  the  ca l cu la t i on ) .  T r i t i u m  i s  a l so  

generated i n  the  pr imary sodium due t o  the  (n,a) reac t i on  w i t h  l i t h ium-6  

impur i ty .  Some o f  t he  t r i t i u m  i n  the  pr imary sodium w i l l  d i f f u s e  through 

the Intermediate Heat Exchanger (IHX) tub ing and primary p i p i n g  i n t o  c e l l  

atmospheres. Once i n  the  intermediate system, some o f  t h a t  t r i t i u m  w i l l  

d i f f u s e  i n t o  the  steam generator tub ing and a small amount i n t o  the  i n t e r -  

mediate system p i p i n g  c e l l s .  For purposes o f  added conservatism and f o r  

eva luat ion  o f  t h e  study o f  a l t e rna t i ves ,  100 percent re lease o f  these 

sources o f  t r i t i u m  i s  assumed. 

To opt imize the  s e l e c t i o n  o f  a gaseous waste processing system on a cos t -  

b e n e f i t  basis, var ious a l t e r n a t i v e s  were analyzed. As a s t a r t i n g  p o i n t  

f o r  the  a l t e r n a t i v e s  study, a gas radwaste system was considered which 

would a l l ow  the CRBRP t o  meet a s i t e  boundary dose r a t e  requirement. The 

i n i t i a l  system considered i s  t h e  one developed f o r  use a t  Fast  F lux  Test 

Faci 1 i ty (FFTF) . The a1 te rna t i ves  study was there fore  a comparison o f  

the s i t e  boundary dose ra tes  and system costs f o r  v a r i a t i o n s  i n  the  FFTF 

gas radwaste system. System v a r i a t i o n s  inc luded t h e  use o f  argon o r  

hel ium cover gas, zero t o  100 percent recyc le  o f  t he  cover gas, con t ro l  

o f  t he  var ious leakage paths and t h e  e f f e c t s  o f  t he  use o f  var ious gas 

treatment u n i t s .  

The product ion ra tes  o f  radio isotopes o f  concern, assuming loss  by decay 

only, are discussed i n  various subsections o f  Sect ion 10.8. Values f o r  

these product ion ra tes  are given i n  Table 3.5-6. Po ten t ia l  S i t e  boundary 

ra tes  f o r  r a d i o a c t i v i t y  from t h e  various l oss  paths are  presented i n  

Table 10.8-1. The S i t e  boundary x/Q value used i n  t h i s  study i s  

2.5 x sec/cubic meter cons is ten t  w i t h  the  S i t e  boundary (1,800 f t )  

and the  average annual x/Q f o r  t he  SSW sector .  This sec tor  was chosen 

s ince i t  i s  expected t o  experience t h e  l e a s t  d ispers ion  on an annual 

basis. The values repor ted  i n  Table 10.8-1 assume the use o f  an e f f i -  

c i e n t  cover gas clean-up system w i t h  each loss  being re leased from t h e  

i ,' 



plant without further processing (only volumetric delay times within the 
reactor buildings are considered). 

Two gas processing subsystems are used i n  the CRBRP. One subsystem, the 
Cell Atmosphere Processing Subsystem (CAPS), processes radioactive gases 
prior to  the i r  discharge from the plant. The Radioactive Argon Process- 
ing Subsystem (RAPS) processes the reactor and primary pumps cover gases. 
In the selected configuration, shown i n  Figure 10.8-1, RAPS i s  designed 
for  100 percent recycle of the cover gas argon. 

Three classes of a l ternates  were examined i n  detail  re lat ive to  the i r  
impact on the release of radwaste gas and plant cost; a once through 
flow for  the reactor cover gas, a recirculating argon reactor cover gas 
and a recirculating helium reactor cover gas. Since the gas radwaste 
systems considered consist of various configurations of processing 
components, a large number of cases fo r  each class were examined for  the 
varying processing component configurations and leakage controls. Results 
of the most promising options are  reported i n  the alternatives study. 

10.8.1 DESCRIPTION OF ALTERNATIVES 

A number of possible alternatives were considered in the design selection 
study fo r  the gas radwaste systems. All of the u n i t  operations consid- 
ered for  gas processing u t i l i z e  available technology. 

The concentration of radionuclides i n  the various gas streams, whether 
for  recylce or release,  depends primarily upon such factors as;  the 
appearance ra te  fo r  each radionuclide i n  the system, the decontamination 
factors achieved in the primary processing systems, the release or 
leakage from the system and radioactive decay. Processing alternatives 
considered i n  the design selection study can be categorized as: (1 ) the 

cover gas (argon or  helium) and the degree of recycle; ( 2 )  the treatment 
units used in the primary processing systems; and ( 3 )  the control placed 



on the var ious gas streams (discharge t o  Heating and V e n t i l a t i o n  o r  pro- 

cess i n  one of the  pr imary processing systems). 

10.8.1 .1 PRIMARY PROCESS SYSTEMS 

The Radioact ive Argon Processing Subsystem (RAPS) processes cover gases 

' from the pr imary sodi um c i  r c u i  t. These gases conta in  e s s e n t i a l l y  the  

e n t i r e  inventory  o f  r a d i o a c t i v e  gases i n  the p l a n t  (exc luding those l e f t  

i n  t he  f u e l  assemblies) and w h i l e  RAPS does n o t  discharge gas d i r e c t l y  

t o  t h e  environment, leakages from var ious seals i n  the system can occur 

and can a f f e c t  the  design requirements f o r  CAPS. 

10.8.1.1.1 CAPS 

CAPS i s  designed t o  process the gaseous e f f l u e n t  from c e l l s  and spaces 

t h a t  are sub jec t  t o  p o t e n t i a l  contaminat ion by r a d i o a c t i v e  gases. The 

processed e f f l u e n t  l eav ing  CAPS i s  re leased t o  the  c o n t r o l  exhaust f a c i l -  

i t y  o f  the  Heating and V e n t i l a t i o n  System (H&V). 

CAPS i s  d i v i d e d  i n t o  two main sect ions,  the i n l e t  complex and the  proces- 

s i n g  sec t ion .  The i n l e t  complex c o l l e c t s  the var ious i n f l u e n t  streams, 

f i l t e r s  the gas t o  remove p a r t i c u l a t e  ma te r i a l  and passes the gas t o  a 

compressor and surge tank p r i o r  t o  i t s  i n j e c t i o n  i n t o  the processing 

sect ion.  Removal of the rad ioac t i ve  gas by the processing sec t ion  occurs 

as a r e s u l t  o f  t he  se lec ted  u n i t  processing opera t ion  and by rad ioac t i ve  

decay as a r e s u l t  o f  delay t imes w i t h i n  processing components. The 

degree o f  removal depends upon the  processes and components selected, 

and i s  discussed i n  d e t a i l  i n  l a t e r  sect ions.  

10.8.1.1.2 RAPS 

RAPS i s  designed t o  process h i g h l y  rad ioac t i ve  cover gas from the pr imary 

sodium system. I n  the  se lec ted  RAPS con f i gu ra t i on  a l l  the processed 



argon i s  recycled, although varying degrees of gas replacement have been 
analyzed. As w i t h  CAPS, RAPS i s  divided into two main sections, the 
i n l e t  complex and the processing section. The RAPS in le t  complex serves 

the same function as in CAPS. The purpose of the RAPS processing section 

i s  similar to  that  of CAPS, i t s  performance depending upon the processes 
and components selected. 

10.8.1.2 COVER GAS ALTERNATIVES 

Cover gas a1 ternatives incl ude the possible use of e i ther  argon or he1 i um 
as cover gas. Degree of recycle affects  both dose rates and system costs ,  
therefore alternatives studied included both gases with varying degrees 
of recycle fo r  the argon case. Since helium i s  identified as a national 

resource, detai ls  of the helium-once-through option were not cons-idered, 
gas ut i l izat ion being too h i g h .  Three classes of alternatives are re- 
ported: (1) argon once-through for  the reactor cover gas; ( 2 )  argon re- 
actor cover gas with varying degrees of recycle; and ( 3 )  he1 ium reactor 
cover gas. 

In the argon once-through option no cover gas i s  recycled, a l l  the gas 
being bottled for  disposal. 

In the other argon reactor cover gas options considered, the cover gas 
i s  processed and varying amounts of gas are  periodically bottled for 
disposal or are discharged. 

Helium reactor cover gas options are similar to  the argon reactor cover 
gas options. However, since there i s  an increased capability of separa- 
ting radioactive noble gases from the he1 i urn, no he1 i um bottling cases 
were considered (100% recycle of helium in a l l  options considered). 



1 0.8.1 .3 GAS LEAKAGE CONTROL 

Various a1 t e r n a t i v e s  a re  a v a i l a b l e  t o  c o l l e c t  and process gas leakage: 

1. Primary Pump Purge Leakage Contro l  - Design of the  pr imary 

pumps permi ts  t he  c o l l e c t i o n  and processing o f  the  gas t h a t  i s  

used t o  purge t h e  pump seals .  The purge gas passes through the  

o i l  seal and i s  l e d  t o  a separator  which removes o i l  m i s t  f rom 

the  gas. The gas i s  then f e d  t o  RAPS; and 

2. Head Loss Contro l  (Reactor B u f f e r  Seal and Reactor Cover Gas 

Leakage) - Reactor buf fer  seals  recyc le  gas and the  cover gas 

can l eak  i n t o  the  r e a c t o r  head access area. Head access area 

c o n t r o l  cou ld  be added by enc los ing  t h e  head access area and 

processing the  gas atmosphere i n  CAPS. Th i s  o p t i o n  i s  d i s -  

cussed i n  Sect ion 10.8.3. 

' 1  10.8.2 ENVIRONMENTAL COST 

10.8.2.1 RELEASE OF RADIOACTIVE GASES 

Release o f  r a d i o a c t i v e  gases f o r  the  system opt ions  considered are sum- 

marized i n  Table 10.8-2. These op t ions  are: 

1 . FFTF. developed system; 

2. A system i n  which no argon i s  recyc led  b u t  r a t h e r  i s  used on 

a once-through basis ;  

3. A system s i m i l a r  t o  System 1 except hel ium i s  used as 

cover gas and the  pump seal purge i s  processed by CAPS 

r a t h e r  than being d i r e c t l y  discharged t o  H & V; 

4. A system s i m i l a r  t o  System 1 except the  pump seal purge i s  

recyc led  t o  RAPS and a t r i t i u m  removal u n i t  i s  added t o  CAPS; 

5. System 4 w i t h  head l o s s  c o n t r o l .  

These systems are discussed i n  d e t a i l  i n  Sec t ion  10.8.3.1. 



10.8.2.2 WASTES PRODUCED BY ALTERNATIVE SYSTEMS 

Gas radwaste systems considered w i  11 produce r a d i o a c t i v e  and non-radi o- 

a c t i v e  wastes. These i nc lude  c e l l  atmosphere gases ( n i t r o g e n  and a i r ) ,  

cover gases i n  those cases where recyc le  i s  l e s s  than 100 percent,  

r a d i o a c t i v e  l i q u i d s  and s o l i d s  and var ious  non-radioact ive waste 

ma te r i a l s .  

10.8.2.2.1 RADIOACTIVE BY-PRODUCTS 

The purpose o f  the  Gaseous Radwaste System i s  t o  process r a d i o a c t i v e  

gases so t h a t  any r a d i o a c t i v i t y  re leased i s  as low as prac t i cab l -e .  I n  

per forming t h i s  f unc t i on ,  c e r t a i n  r a d i o a c t i  ve by-products a re  produced. 
These must be considered an environmental c o s t  imposed by t h e  gas ;ad- 

waste system a1 t e r n a t i  ves. 

Radioact ive wastes can be categor ized as f o l  lows : 

Radioact ive Gas Waste - I n  several  o f  the op t ions ,  gas 

con ta in ing  rad io iso topes  o f  argon and krypton i s  b o t t l e d .  

Q u a n t i t i e s  produced and the  frequency o f  shipment w i l l  

depend upon the  op t i on  se lec ted  and the  opera t ing  modes 

used. B o t t l i n g  o f  gas waste i n  the  a l t e r n a t i v e s  s tud ied  

i s  n o t  an i t e m  o f  d iscussion which d i s t i ngu i shes  any 

a l t e r n a t i v e  as being c l e a r l y  s u i t a b l e  o r  unsu. i table as 

the  system o f  choice; 

2. Radioact ive L i q u i d  Waste - A l l  op t ions  i nc lude  a d r y e r  i n  

CAPS t o  reduce the water con ten t  o f  the  process gas t o  a 

dew p o i n t  o f  -100 degrees F. To ta l  r a t e  o f  1 i q u i d  waste 

generat ion (and the  o n l y  r o u t i n e  one f o r  t he  gas rad- 

waste system) i s  est imated t o  be s i x  pounds per  day. 

T r i t i u m  conten t  o f  t he  water w i l l  depend on whether o r  n o t  

a t r i t i u m  o x i d i z e r  i s  inc luded i n  t he  processing stream. 



When a t r i t i u m  o x i d i z e r  i s  inc luded (as i n  t he  se lec ted  

con f i gu ra t i on ) ,  the  t r i t i u m  content  o f  the water waste i s  

est imated t o  be 0.02 C i / l b  H20; and 

3. Radioact ive S o l i d  Waste - Radioact ive s o l i d  waste i s  

produced by the gaseous radwaste system. Th i s  inc ludes 

spent absorber, loaded gas f i l t e r s ,  vapor t raps  and 

f a i l e d  components such as compressors and heat  exchangers. 

10.8.2.2.2 NON-RADIOACTIVE MATERIALS 

Only non-radi o a c t i  ve wastes generated on a r o u t i n e  bas is  are n i t rogen  

from cryogenic coo l i ng  operat ions and c e r t a i n  c e l l  purges, and vapor 

t raps  from the Intermediate Heat Transport System. Wastes generated 

through component f a i l u r e  and the  need t o  replace them would be from 

such i tems as valves and l i q u i d  gas storage vessels. The t o t a l  weight 

' i 
(and vo l  ume) o f  t h i s  type o f  component i s  smal l  ; there fore ,  d e t a i  1 s o f  

these wastes are n o t  included. 

10.8.3 COMPARISON OF ALTERNATIVES 

10.8.3.1 DIRECT COMPARISON OF ALTERNATIVES 

10.8.3.1.1 SYSTEM 1 - FFTF 

System 1 i s  e s s e n t i a l l y  i d e n t i c a l  t o  the gas radwaste system developed 

f o r  use i n  the FFTF. The cover gas d i f f u s i o n  leakages, t he  bu f fe red  

seal leakage and the pr imary pump seal purges are released d i r e c t l y  t o  

the  H & V System f o r  discharge w i t h o u t  processing (except f o r  c e l l  

de lay) .  The reac to r  cover gas i s  processed i n  RAPS; f i r s t ,  us ing 

cryogenic delay beds, and then, us ing a c r y o s t i l l  . The recyc led  argon 

i s  mixed w i t h  makeup gas i n  the  recyc le  gas storage vessel and i s  then 

f e d  t o  the reac to r  and pr imary pumps cover gas spaces. Primary p i p i n g  

1 eakages , process component 1 eakage and var ious c e l l  purges are  processed 
\ 



i n  CAPS; f i r s t ,  i n  a d r y e r  t o  remove water vapor, and then, i n  cryogenic 

de lay  beds. Using CRBRP design bas i s  parameters, t he  est imated S i t e  

boundary dose r a t e  i s  0.62 mremlyr. Est imated c a p i t a l  cos t  o f  the  

system i s  $3,300,000 and the  est imated opera t ing  c o s t  i s  $18,000 pe r  

year .  Operat ing cos ts  i nc lude  o n l y  those cos ts  d i r e c t l y  associated w i t h  

opera t ion  of the  system. Such costs as r e t u r n  o f  c a p i t a l  investments 

a re  n o t  inc luded.  

10.8.3.1.2 SYSTEM 2 - ONCE-THROUGH ARGON 

I n  System 2 f resh argon i s  used. A f t e r  i t s  passage through the  reac to r  

o r  p r imary  pump, t h e  argon i s  b o t t l e d  f o r  d isposal .  I n  t h i s  system, t he  

cover gas d i f f us ion  losses and the  bu f fe red  seal leakage i s  discharged 

through the  H & V discharge w i t h o u t  f u r t h e r  processing. Pump purge, 

p r imary  p i p i n g  and processing component leakages and the  c e l l  purges are 

processed through CAPS. For  t h i s  sys tem, extended de lay  beds (nominal l y  

-300°F) were se lec ted  p r i m a r i l y  t o  assure low re lease r a t e s  of rad io -  

a c t i v e  (RIA) noble gases. Est imated s i t e  boundary dose r a t e  f o r  Sys- 

tem 2 i s  0.21 mremlyr. Cap i ta l  c o s t  o f  t h i s  system i s  lowest  o f  a l l  the  

systems est imated ($3,120,000) because no RAPS processing i s  u t i l  ized.  

High opera t ing  cost ,  $3,156,000 pe r  year ,  i s  r e l a t e d  t o  the h igh  cos t  

o f  purchasing, b o t t l i n g  and d isposing of the  argon. 

10.8.3.1.3 SYSTEM 3 - HELIUM 

System 3 i s  s i m i l a r  t o  t h e  mod i f i ed  FFTF design (System 4 )  i n  t h a t  pump 

purges a r e  processed i n  RAPS r a t h e r  than being processed i n  CAPS o r  d i s -  

charged d i r e c t l y  t o  H & V. Cryogenic o r  room temperature absorp t ion  beds 

a re  used i n  RAPS t o  remove e s s e n t i a l l y  a l l  noble gas a c t i v i t y  f rom t h e  

recyc le  he1 i um. Primary p i  p ing  and processing component leakages and 

c e l l  purges are  processed; f i r s t ,  i n  a t r i t i u m  removal u n i t  and then i n  

de lay  beds. Est imated s i  t e  boundary dose r a t e  i f  0.19 mremlyr. 
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Estimated opera t ing  cos t  ($26,000 per  year)  i s  s l i g h t l y  h igher  than the 

comparable argon sys tern (Sys tem 2 )  because there '  a re  h igher  cos ts  re1 a  ted  

t o  b o t t l i n g  and d isposal  o f  more R/A noble gases. 

Helium Research and Development e f f o r t  can be categor ized as a  need f o r  

s tudy i n  a t  l e a s t  th ree  areas: (1 )  vapor t r a p  performance t e s t s  f o r  

both continuous f l ow  t r a p  and f i l t e r  vapor t rap ;  (2 )  seal leakage r a t e  

t e s t s  ; and (3)  v e r i f i c a t i o n  o f  absorpt ion c o e f f i c i e n t s .  The t o t a l  cos t  

o f  such a  program i s  est imated t o  be $1 m i l l i o n .  

10.8.3.1 .4 . SYSTEM 4 - MODIFIED FFTF (SELECTED FOR CRBRP) 

System 4, F igure  10.8-1, i s  s i m i l a r  t o  the FFTF system") except the 

pump seal purges are  processed i n  RAPS and a  t r i t i u m  removal u n i t  i s  

added t o  CAPS. The t r i t i u m  removal u n i t  cons is ts  o f  a  t r i t i u m  o x i d i z e r ,  

a  condenser and a  molecular  s ieve dryer .  I n  the t r i t i u m  o x i d i z e r  t r i t i u m  

i s  ox id i zed  t o  a  t r i t i a t e d  water. The d rye r  removes water  t o  a  dew p o i n t  

o f  -100 degrees F, e f f e c t i v e l y  decontaminating t h i s  gas stream of tri tium. 

The d rye r  i s  p e r i o d i c a l l y  regenerated; the t r i t i a t e d  water  i s  processed 

i n  the l i q u i d  radwaste system. Estimated c a p i t a l  cos t  i s  $3,650,000 

and the  est imated opera t ing  cos t  i s  $20,000 pe r  year .  With the excep- . 

t i o n  o f  the FFTF system, t h i s  system has the lowest o v e r a l l  cost.  E s t i -  

mated S i t e  boundary dose r a t e  i s  0.21 mremlyr. Low S i t e  boundary dose 

r a t e  and low o v e r a l l  costs are the  reasons f o r  the s e l e c t i o n  o f  t h i s  

system f o r  CRBRP. 

10.8.3.1.5 SYSTEM 5 - MODIFIED FFTF + HLC 

System 5 i s  s i m i l a r  t o  System 4 except t h a t  reac to r  head access area l oss  

c o n t r o l  i s  added. Est imated s i t e  boundary dose r a t e  i s  .0036 mrem/yr. 

Cost associated w i t h  the  a d d i t i o n  o f  head l o s s  con t ro l  i s  s i g n i f i c a n t  i n  

1 
both i t s  opera t iona l  cos t  and c a p i t a l  cos t  impacts. Cap i ta l  cos t  

\LA' 



investment f o r  the  head c a v i t y  supports,  seals,  e t c .  i s  est imated t o  be 

$2 m i l l i o n .  This  f i gu re  i s  conservat ive i n  n o t  t ak ing  i n t o  account the  

necess i ty  f o r  head compartment coo l i ng  systems. E f f e c t  o f  head l o s s  

c o n t r o l  on opera t ing  costs can be est imated by assuming a  one day per  

year  a d d i t i o n a l  down t ime f o r  r e f u e l i n g  ( 8  hrs-est imated t ime removal o f  

head; 8  hrs-est imated t ime rep1 acement o f  head ; 8 hrs-est imated t ime f o r  

leak t e s t i n g  procedures). Est imated annual c o s t  o f  t h i s  add i t i ona l  

down-time i s  $50,00O/year. 

These est imated cos ts  f o r  the a d d i t i o n  o f  head l oss  c o n t r o l  w i l l  be char- 

a c t e r i s t i c  of t h e i r  use i n  assoc ia t ion  w i t h  any o f  the  a l t e r n a t i v e s  

under considerat ion.  As such, the economic impact o f  HLC w i l l  be s i g n i f -  

i c a n t .  A1 t e r n a t i v e  5  t o  A1 t e r n a t i v e  4 comparison i s  o f f e r e d  as repre-  

sen ta t i ve  of the e f f e c t  of head l oss  c o n t r o l  on the  cos t  o f  radwaste 

sys tems . 

10.8.3.2 BASIS FOR CHOICE OF SELECTED SYSTEM 

The choice o f  the  radwaste system i s  based on u t i l i z a t i o n  o f  a system 

t h a t  w i l l  be cons i s ten t  w i t h  the  requirements r e s u l t i n g  i n  an "as low as 

p rac t i cab le "  S i t e  boundary dose r a t e  f o r  normal operat ions.  

A1 t e r n a t i  ves were compared i n  t h e i r  ab i  1  i ty t o  s a t i s f y  t h a t  requirement 

a t  a  reasonable economic cost .  A  summary o f  the  costs o f  each a l t e rna -  

t i v e  i s  presented i n  Table 10.8-3. The a l t e r n a t i v e  selected, System 4 - 
the modif ied FFTF system, r e s u l t s  i n  a  low S i t e  boundary dose r a t e  

(0.21 mrem/yr) a t  a  cos t  comparable t o  o r  favorable w i t h  o the r  opt ions.  

F igure  10.8-2 shows a  comparison o f  costs and est imated S i t e  boundary 

dose ra tes .  As can be seen, the on ly  op t i on  capable o f  s i g n i f i c a n t  

reduc t ion  i n  the S i t e  boundary dose r a t e  invo lves  enclos ing the  head 

access area (Sys tem 5 ) .  



Re la t i ve  assessments of the  most promis ing o f  a l l  the a1 t e r n a t i v e s  con- 

s idered are presented i n  Table 10.8-4. I t  i s  seen t h a t  the  "FFTF" and 

the "modi f ied FFTF" a l t e r n a t i v e s  have the  most favorab le  assessments. On 

an "as low as p rac t i cab le "  basis  the "modi f ied FFTF" was se lec ted  as the 

Gas Radwaste System. The S i t e  boundary dose r a t e  i s  reduced by a f a c t o r  

o f  th ree  a t  a cos t  of $400,000 when the  two most favorab le  systems are 

compared. 

Incorporated i n  F igure  10.8-2 i s  a value o f  110 m i l l  i rem/yr  as an e s t i -  

mate o f  n a t u r a l  background r a d i a t i o n  a t  the C l inch  R iver  S i t e ,  as d i s -  

cussed i n  Sect ion 2.8. The magnitude o f  t h i s  number compared t o  the 

a1 t e r n a t i  ve gaseous radwaste systems considered graph ica l  l y  i 1 l u s t r a t e s  

the  need f o r  the balance between the  cos t  cons idera t ion  of the  p a r t i c u -  

l a r  a1 t e r n a t i v e  system and i t s  impact on the environment o f  the CRBRP 

surrounding area r e l a t i v e  t o  o the r  r a d i o l o g i c a l  con t r i bu to rs .  

10.8.3.3 DESIRED SYSTEM BASED ON ALTERNATIVES STUDY 

10.8.3.3.1 CONTROL OF RELEASES 

The CRBRP i s  f o l l o w i n g  the  "as low as p rac t i cab le "  gu ide l i ne  f o r  the 

eva lua t ion  of a1 t e r n a t i v e  systems. One of the  purposes o f  the  a1 terna-  

t i v e  study was t o  i d e n t i f y  leakage paths and assess t h e i r  e f f e c t s  on S i t e  

boundary dose ra tes .  As can be seen i n  Table 10.8-1 f o r  the  design bas is  

case, t he  most s i g n i f i c a n t  p o t e n t i a l  S i t e  boundary dose ra tes  are asso- 

c i a t e d  w i t h  unprocessed pr imary p i  p ing  losses, RAPS p i  p i n g  and processing 

component leakages, pr imary pump seal purges, cover gas losses through 

reac to r  seals, and t o  a much lower ex ten t ,  bu f fe red  seal gas leakage and 

Intermediate Heat Transport  System losses. The a1 t e r n a t i v e  study has 

shown t h a t  normal releases can be e f f e c t i v e l y  and economical ly con t ro l l ed .  

Contro l  o f  the r e s u l t i n g  S i t e  boundary doses t o  a f a c t o r  o f  about 5,000 

lower than 10 CFR 20 1 i m i t a t i o n s  i s  achievable. Control  o f  cover gas 
\ 



t h r o u g h  reactor seals and buffered seal gas by the enclosure of the 
reactor head access area and the subsequent processing of the head access 
area gas resul ts  in reduction of S i t e  boundary doses already we1 1 below 
Federal regulations b u t  i t  imposes economic impacts on the plant in both 
operating and capital cost areas. The head loss control a l ternat ive was 

not chosen for  purposes of a gaseous radwaste alternative on the basis of 
as low as practicable considerations. 

An additional consideration relat ive to the anticipated Si te  boundary 
dose rate  i s  t ha t  over 85 percent of the S i t e  boundary dose ra te  i s  
associated with three fission gas radioisotopes of reactor cover gas 
diffusing through various head seals .  Radioisotopes, Xe-135, Kr-87 and 

Kr-88, have suff ic ient ly  short half-l ives that  i f  the mean seal residence 
time for  the cover gas i s  one day rather than the assumed (and highly 
conservative) f ive minutes, the design basis S i te  boundary dose rate 
would be reduced by a factor  of 8.5. Further, i t  has been assumed the 
reactor would be operating continuously with one percent fai led fuel .  
The design basis assumption that  one percent of the fuel could have 

cladding fai lures  i s  extreme; a more real i s t i c  value would be a value 
of 0.1 percent. Therefore, the S i te  boundary doses presented for  a l l  
a1 ternati  ves are highly conservative estimates. 

10.8.4 BALANCE OF PLANT CONSIDERATIONS 

Tritium, produced i n  the fuel and control rods, i s  present in the steam- 
water system as a resul t  of i t s  diffusivi ty  through s tainless  s t e e l ;  i t  
i s  conservatively assumed to be in the form of t r i t i a t e d  water. The 
condenser off -gas system removes non-condensable gases (vapors) from 

the condensing steam. Water vapor including tri t ium present i n  the 
off-gas flow constitutes the only expected gaseous release contribution 
from the balance of plant (BOP). Selection of a BOP radwaste system 
design i s  based on meeting an "as low as practicable" philosophy regarding 
the release of any radioactivity. For a l l  alternatives i n  any event 



considered, t he  BOP c o n t r i b u t i o n  t o  the  p l a n t  re leases w i l l  be w e l l  w i t h -  

i n  a few percent  o f  maximum permiss ib le  l e v e l s  410 CFR 20). 

10.8.4.1 IDENTIFICATION OF ALTERNATIVES 

10.8.4.1.1 DIRECT DISCHARGE 

I n  t h i s  a1 t e r n a t i v e ,  t he  gaseous mois tu re  waste i s  removed w i t h  t he  non- 

condensable gases by mechanical vacuum pumps and i s  d i r e c t l y  discharged 

i n t o  the atmosphere. 

10.8.4.1.2 STORAGE OF CONDENSER OFF GASES 

I n  t h i s  a l t e r n a t i v e ,  t he  of f -gases removed f rom the  condenser are com- 

pressed and s to red  i n  p ressur ized  tanks. Assuming a f l o w  r a t e  o f  seven 

'1 
scfm f o r  the  c o n d i t i o n  when a vacuum i s  he ld  i n  t he  condenser and an 

1 opera t ing  f a c t o r  o f  85 percent  o f  t he  off-gas system, t he  r e s u l t a n t  
8 q u a n t i t y  o f  gas generated over  a 30-year design l i f e  i s  1 x 10 standard 

cub ic  f e e t .  A base case assumed f o r  t he  storage i s  90 spher ica l  tanks 

each 60- fee t  i n  diameter and a t  a pressure o f  136 ps ig .  

10.8.4.1.3 DISCHARGE AFTER COOLING 

Condenser of f -gases l e a v i n g  the vacuum pumps are sa tura ted  w i t h  t r i t i a t e d  

water  vapor. By c o o l i n g  the  gases, the s a t u r a t i o n  pressure o f  t he  water  

vapor i s  reduced and p a r t  o f  t he  r a d i o a c t i v i t y  i s  removed i n  the  conden- 

s i n g  l i q u i d .  Two vers ions o f  t h i s  a l t e r n a t i v e  are considered. I n  one 

vers ion  the  o f f -gas  i s  r e f r i g e r a t e d  t o  35 degrees F; i n  the  o ther ,  the  

off-gas i s  desiccated t o  a dewpoint o f  -40 degrees F. 

Cool ing t o  35 degrees Fahrenheit  

The condenser-off  gases ( 7  scfm) are cooled from a normal temperature 

o f  130 degrees F t o  35 degrees F causing some o f  the  tri t i a t e d  water 



vapor to condense. The gases discharged from the vacuum pumps are 

cooled by an additional wet gas ch i l l e r  which rejects  heat t o  an a i r  
cooled refrigerated system. The cooled off gases with a fraction of 

the t r i t i a t e d  water vapor remaining i s  then discharged. The conden- 
sa t e  i s  recycled to  the hotwell. 

Cooling to  -40 degrees Fahrenheit 

The condenser vacuum pump exhaust ( 7  scfm) i s  passed through a moisture 

trap, a low leakage compressor, an a f t e r  cooler, a condensate separa- 
tor ,  an entrainment separator and a desiccant dryer. Bottoms from 
a l l  components are  returned to  the condenser hotwell and the dried 

gas i s  exhausted to the atmosphere. 

10.8.4.2 ENVIRONMENTAL CONCERNS 

The d i rec t  environmental concern involves the release of the tri t ium and 
resulting concentrations and the dose t o  which the pub1 i c  will be exposed. 
Releases from the BOP for  the three alternatives considered are  given in 
Table 10.8-6. All release alternatives considered are  seen to resu l t  i n  

releases well w i t h i n  the 10 CFR 20 l imits with the storage al ternat ive 
resulting i n  zero release (except for  tank leakage). Source terms ut i -  

lized in the calculations are presented i n  Table 10.8-5. 

An additional envi ronmental concern appl ied to  the a1 ternat i  ves under 
discussion i s  the subject of land use. For the base case considered, 

u t i l iz ing  storage of condenser off-gas, an area of approximately 
8,100 square fee t  every year would be required. There i s  no such land 

usage requirement associated w i t h  the d i rec t  release or  cooling concepts. 
The storage al ternat ive also presents an environmental consideration 

8 related to  the final disposal of the 1 x 10 scf of stored gas and the 

possi bi 1 i ty of tank fa i  1 ure and resultant re1 eases. 
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10.8.4.3 ECONOMIC CONSIDERATIONS 

Economic considerations and comparisons of the alternatives under con- 
sideration are presented in Table 10.8-7. Incremental costs are pro- 
vided with the direct  discharge alternative serving as the base case. 

Direct discharge resul ts  in no modification to  the BOP design, there- 
fore ,  no additional cost i s  incurred. Cooled discharge i s  shown to re- 
s u l t  i n  potentially higher capital and operating costs for  tanks and 
compressors fo r  the extra cooling equipment, especially for  cooling to  
-40 degrees F. Significant economic costs relat ive to  e i ther  cooling 
or d i rec t  discharge are incurred with the storage alternative.  High 
capital and operating costs for  tanks and compressors are associated with 
the storage a1 ternative. Estimated incremental costs are $50 mil 1 ion 
re1 at ive to the direct  discharge a1 ternative. 

\$ 
/ 10.8.4.4 COMPARISON OF ALTERNATIVES 

A qualitative assessment of the storage, cooling and d i rec t  discharge 
alternatives based on the data presented in th is  section are shown in 
Table 10.8-8. All alternatives are seen to sa t i s fy  the 10 CFR 20 l imits 
for  associated releases. The storage a1 ternative i s  an expensive a1 te r -  
native, requiring potentially substantial land u t i l  ization and requiring 

resolution on the matter of final deposition of the stored gases. The 
cooled discharge a1 ternati  ves resul t in an associated by-product of 
t r i t i a t e d  l iquid.  Ultimate disposition of th i s  product liquid must be 
considered in the overall assessment of th i s  alternative.  

Direct discharge of gaseous t r i  t i  um consti tutes an a1 ternati  ve that  
s a t i s f i e s  10 CFR 20 l imits while having neither associated waste disposal 
considerations nor perturbing BOP design. In addition, there i s  no 
potential land use factor associated w i t h  t h i s  alternative.  As such, i t  
offers def ini te  advantages over other reasonable alternatives fo r  BOP 

\ 

L' related releases considered and i s  the method to  be ut i l ized by the CRBRP. 



TABLE 10.8-1 

SITE BOUNDARY WHOLE BODY DOSE RATES FOR UNPROCESSED RELEASES* 

Leakage Path** 

Cover Gas Losses Through Reactor Seals 

Buf fered Seal Gas Leakage 

Pump Purge Leakage 

Primary P ip ing  Losses 

RAPS P i  p ing  and Process Component Leakage 

CAPS Pip ing  Leakage 

Intermediate System Losses 

S i t e  Boundary 
Whole Body 

Dose Rate 
(mremlyr ) 

Major 
Cont r ibu tor  

Mixed Gases 

Mixed Gases 

Mixed Gases 

T r i  t i um 

Mixed Gases 

Mixed Gases 

T r i  t i  um 

*Assumes the  use o f  an e f f i c i e n t  cover gas clean-up system. S i t e  
boundary dose r a t e s  are ca lcu la ted assuming on ly  volumetr ic  delays 
i n  the reac to r  bu i ld ings .  

**The leakage paths l i s t e d  are those which t h e  gas radwaste a l t e r -  
na t ives  presented should address. 

+Less than 0.001 



TABLE 10.8-2 

RELEASE OF RADIOACTIVITY FOR VARIOUS ALTERNATIVES 

Sys tern 

Dose Rate a t  S i t e  Boundary (rnrern/yr) 

Noble 
Gas T r i  t i  urn Total  

FFTF 0.603 0.015 0.618 

Argon, Once-through 0.208 0.001 0.209 

He1 i urn 0.188 0.001 0.189 

Modif ied FFTF* 0.211 0.001 0.212 
System 4 + HLC 0.0022 0.001 4 0.0036 

*Sys tern selected f o r  CRBRP 



TABLE 10.8-3 

Sys tem 

MONETARY COSTS FOR VARIOUS OPTIONS 

Cost (1974 Dol la rs)  

Total  Over 
Capi ta l  Operating P lant  L i f e  
1 $000 1 ($000/yr) ($000) 

FFTF 3,300 18 3,840 

Argon, once through 3,120 3,156 97,800 

Helium 4,420" 26 5,200 

Modif ied FFTF** 

System 4 + HLC 

*Includes $1 m i l l i o n  R&D e f f o r t  

**System selected f o r  the CRBRP 



Modif ied 
FFTF 

Capital Costs Base 

Operating Costs Base 

Avai 1 abi 1 i t y  o f  
Technology Yes 

0 
Wastes 

4" 
IU 

Generated 
0 

Base 

TABLE 10.8-4 

COMPARISON OF ALTERNATIVES 

Argon - Once Modif ied 
Through He1 i um FFTF FFTF + HLC 

S i m i  1 a r  High S i m i  1 a r  Very high 
Very high S i m i  1 a r  S i m i  1 a r  High 

Yes Addi t ional  Yes Yes 
R + D  

Req u i red 

S i m i  1 a r  S i m i  1 a r  S im i la r  S i m i  1 a r  



TABLE 10.8-5 

BOP RELATED RELEASES - SOURCE TERMS 

P l  a n t  Capac i ty  Fac to r  0.68 

Vacuum Pump Operat ing Fac to r  0.85 

R a d i o a c t i v i t y  I n p u t  t o  Steam Water System 1 .75 Curies/Day 
( 1 00% Reactor Power) 

Condenser O f f  Gas Removal 7 SCFM 

Con ti nuous B l  owdown f rom Steam Water Sys tern 1 gPm 



TABLE 10.8-6 

BOP RELEASE OF RADIOACTIVITY 

A1 terna tes  

Coo 1 ed Cool ed 
D i  r e c t  Discharge Discharge 

Releases Discharge 35OF -40°F* Storage 

M i  11 irem/Year 
A t  S i t e  
Boundary 3.4 1.3 3 0 

Percent o f  
10 CFR 20 0.6 2.6 x 6 x loe8  0 

*-40°F i s  the  dewpoint a t  t he  desiccator  operat ing pressure of 96 p s i g  



Capital Cost 

Tanks 

Compressors 

Other Equipment 

Subtotal 

Operating Costs* 

Compressor Operation 

Subtotal 

Total Cost 

TABLE 10.8-7 

ECONOMIC COSTS* 

Alternates 

Cool ed Coo 1 ed 
D i  rec  t Discharge Discharge 

D i  scharge 35°F -40°F Storage 

Base 0 0.010 50 

Base 0 0.060 0.06 

Base 0.006 0.030 0 

Base 0.006 0.090 50.06 

Base 0 0.001 0.001 

Base 0 0.001 0.001 
- 
Base 0.006 0.091 50.061 

*Millions of do l la r s  

**Based on investment cost  of power $/kw = 31 7 



TABLE 10.8-8 

COMPARISON OF BOP TRITIUM ALTERNATIVES 

Cooled Coo 1 ed 

Release c o m p a t i b i l i t y  
w i t h  10 CFR 20 
1 i m i  t s  

Po ten t ia l  land use 
impact 

Capi ta l  cos t  

Operating cos t  

Associated Waste 
disposal consid- 
e ra t ions  

Per turbat ion  t o  
balance o f  p l a n t  
design 

D i r e c t  Discharge Discharge 
Discharge 35°F -40°F Storage 

Yes Yes Yes Yes 

None None None S i g n i f i c a n t  

Very low Low High Very h igh  

Very low Very low Very low Very low 

No Yes Yes Yes 

None Yes Yes Yes 
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10.9 TRANSMISSION FACILITIES 

Transmission f a c i l i t i e s  a re  requ i red  t o  t ransmi t  generated e l e c t r i c t y  

i n t o  the  TVA 161-kV t ransmiss ion network and t o  prov ide r e l i a b l e ,  redun- 

dant e l e c t r i c a l  in te rconnect ions  t h a t  w i l l  guarantee o f f - s i t e  power t o  

the  CRBRP. The CRBRP w i l l  be connected t o  the  AEC-owned Ft .  Loudoun 

K31 161 -kV t ransmiss ion 1 i n e  were i t  passes the  p l a n t  switchyard, r e -  

q u i r i q g  no new t ransmiss ion c o r r i d o r .  A second t ransmiss ion connect ion 

t o  an independent t ransmiss ion c i r c u i t  w i l l  be requi red.  A second c i r -  

c u i  t a v a i l a b l e  nearby, TVA-owned Ft .  Loudoun K-31 161 -kV t ransmiss ion 

1 ine, w i l l  r e q u i r e  approximately t h ree  m i les  o f  t ransmiss ion c o r r i d o r .  

The proposed r o u t e  i s  described i n  Sect ion 3.9. An a l t e r n a t i v e  segment 

was evaluated f o r  a p o r t i o n  o f  t h i s  c o r r i d o r .  

10.9.1 DESCRIPTION OF ALTERNATIVE SEGMENT 

The a l t e r n a t i v e  segment, D-B on Figure 10.9-1, f o l l o w s  an abandoned 

50-foot wide r igh t -o f -way from TVA's 161-kV l i n e ,  beginning approximately 

600 f e e t  west o f  t h e  i n t e r s e c t i o n  o f  White Wing Road and Bethel Va l ley  

Road t o  the  i n t e r s e c t i o n  o f  the  abandoned c o r r i d o r  w i t h  the  500-kV t rans-  

miss ion l i n e  a t  P o i n t  B. A c o r r i d o r ,  p rev ious l y  occupied by AEC's Wheat 

P ro jec t -C l i n ton  Laborator ies 13.2-kV t ransmiss ion l i n e ,  has been aban- 

doned f o r  a nun~ber o f  years and conta ins n e a r l y  a continuous growth o f  

10- foo t  t a l l  sapl ings, a l though shrubs and herbs a re  common on the  cor -  

r i d o r .  Segment D-B would r e q u i r e  c l e a r i n g  an add i t i ona l  125-foot wide 

c o r r i d o r  adjacent  and p a r a l l e l  t o  the  vacant AEC r ight-of -way.  A 75- 

f o o t  separat ion would be maintained between the  proposed 1 oop connection. 

The general s o i l s  and land use discussions f o r  t h e  proposed route,  de- 

scr ibed i n  Sect ions 3.9.2 and 3.9.3, app ly  t o  the  a l t e r n a t e  segment; how- 

ever, t he  s p e c i f i c  s o i l s  and b i o t i c  com~iiunit ies w i l l  be d i f f e r e n t  as 

discussed below. 



Nine woody p l a n t  community types occur i n  the  a l t e r n a t e  c o r r i d o r  Segment 

D-B. The t o t a l  amount o f  each comniunity t o  be cleared, expressed i n  

acres and percent o f  t he  whole i s  shown i n  Table 10.9-1. Natura l  p ine  

and unforested areas occupy approximately 68 percent o f  t he  33.9-acre 

c o r r i d o r ;  t he  o l d - f i e l d  h a b i t a t  on the  abandoned c o r r i d o r  i s  considered 

unforested. Predominant comlnuni ty types i n  t h e  na tu ra l  p ine  areas are  

short1 eaf  p ine -V i rg in ia  pine, V i r g i n i a  pine, 1 o b l o l  l y  p ine-short1 eaf  

p ine  and 1 o b l o l  l y  pine. Add i t iona l  in format ion  descr ib ing  the  abandoned 

. t ransmission c o r r i d o r  comm~~ni t ies  may be found i n  Sect ion 2.7. This 

in format ion  i s  equa l ly  app l i cab le  t o  the  proposed rou te  and the  a l t e r n a t e  

rou te  except t h a t  w h i t e - t a i l e d  deer are more common on the  abandoned 

c o r r i d o r  than elsewhere on the  S i t e  area. 

E x i s t i n g  access roads would be adequate f o r  the  cons t ruc t i on  on the  

a l t e r n a t e  route.  H i s t o r i c a l  and archaeological s i t e s  were discussed i n  

Sect ion 2.3. Hardware and tower s t ruc tu res  a re  the  same as described 

i n  Sect ion 3.9. F ina l  se lec t i on  o f  t h e  type s t r u c t u r e  t o  be used w i l l  

be delayed as long as p rac t i cab le  t o  prevent the  exc lus ion  o f  o the r  

s t ruc tures ,  which may be found more s u i t a b l e  f o r  t h i s  p r o j e c t  a t  a l a t e r  

date. 

10.9.2 ENVIRONMENTAL IMPACTS 

Some unavoidable impact w i l l  r e s u l t  from transmission 1 i n e  const ruc t ion .  

Clear ing methods, i n s t a l l a t i o n  procedures, erosion con t ro l  measures, r e -  

s t o r a t i o n  a c t i v i t i e s  and s o l i d  waste disposal and t h e i r  associated irr~pacts 

a re  described i n  Sect ion 4.2. This in format ion  app l i es  t o  the  a l t e r n a t e  

segment except as discussed below. 

A1 te rna te  segment D-B would cross s o i l s  w i t h  i rr~pact po ten t ia l s ,  as de- 

scr ibed i n  Table 10.9-2. 

Approximately 86 percent o f  t h e  1.6-mile a l t e r n a t e  rou te  segment would 

cross s o i l s  ranging i n  erosion p o t e n t i a l  f rom s l i g h t  t o  moderate; heavy 



equipment impact p o t e n t i a l  would range from s l i g h t  t o  moderate on approx- 

ima te l y  79 percent  o f  t h e  c o r r i d o r  distance; and m o r t a l i t y  o f  p lan ted  

seedl ings would range from s l i g h t  t o  moderate on 73 percent  o f  t h e  co r -  

r i d o r ,  as shown i n  Table 10.9-2. Estimated p r o d u c t i v i t y  would range 

f rom low t o  moderate on 100 percent  o f  t h e  c o r r i d o r ,  as shown i n  Table 

10.9-2. 

Po in t  D, where t h e  e x i s t i n g  K31 161-kV t ransnl iss ion l i n e  would be c u t  

and s p l i c e d  t o  t h e  a l t e r n a t e  loop  segment, would be l oca ted  approximately 

600 f e e t  f rom t h e  i n t e r s e c t i o n  o f  Bethel Va l l ey  and White Wing Road; t h e  

c o r r i d o r  would be v i s i b l e  f o r  approximately one m i l e  from t h e  i n t e r s e c t i o n  

down Bethel Val l e y  Road. 

10.9.3 COMPARISON OF PROPOSED AND ALTERNATE ROUTE SEGMENTS 

Proposed t r a n s ~ n i s s i o n  r o u t e  A-B w i l l  be 0.2 n i i l e  sho r te r  than a1 t e r n a t e  

r o u t e  D-B. Proposed segment A-B would have one h igh  p o i n t  cross ing,  

w h i l e  t he  a l t e r n a t e  r o u t e  would have one " long  view" where a c l e a r  view 

down t h e  t ransmiss ion c o r r i d o r  i s  poss ib le .  

I n  terms o f  t o t a l  e f f e c t ,  t h e  proposed r o u t e  would have a s l i g h t l y  g rea te r  

e f f e c t  on t e r r e s t r i a l  organisms than t h e  a l t e r n a t e  rou te ,  as shown i n  

Table 10.9-3. O f  t h e  t o t a l  acreage t o  be c leared,  t h e  a l t e r n a t e  segment 

would r e q u i r e  c l e a r i n g  approxiniately 4.5 more acres than t h e  proposed 

route.  I t  would a l s o  a f f e c t  11.4 more acres o f  un fores ted  land, which 

i s  p re fe r red  browse h a b i t a t  f o r  deer, producing a s i g n i f i c a n t  reduc t i on  

i n  deer browse h a b i t a t .  The a1 t e r n a t e  c o r r i d o r  a l s o  would a f f e c t  approx- 

ima te l y  s i x  niore acres o f  n a t u r a l  p ine  and t e n  fewer acres o f  hardwood 

than the  proposed rou te .  Natura l  p ine  prov ides h a b i t a t  f o r  fewer fauna 

species than hardwood communities. 

The proposed r o u t e  i s  p r e f e r r e d  because i t  i s  shor te r ,  l acks  a major 

v i s u a l  -irr~pact, a f f e c t s  fewer f o res ted  acres and presents l e s s  cons t ruc t i on  

impact than t h e  a l t e r n a t e  r o u t e  even though t h e  proposed r o u t e  would 

a f f e c t  t e r r e s t r i a l  organisms s l i g h t l y  more. 



The proposed and al ternate  transmission routes cross so i l s  w i t h  impact 
potentials as shown in Table 10.9-4. Comparing distances i n  miles where 
each route crosses s o i l s  with moderate to  severe potential ,  the proposed 
and al ternate  routes have approximately equal soi l  erosion potentials. 
The al ternate  route has greater expected heavy equipment impact and 
seedling mortality potentials than the proposed route as shown i n  

Table 10.9-4. The al ternate  route crosses 0.17 mile more soil  of low 
natural productivity than the proposed route; a soi l  having a low nat- 
ural productivity has a low natural f e r t i l i t y  and major revegetative 
problems as shown in Table 10.9-5. Therefore, the proposed route will 
have less  severe construction and revegetation impacts than the a l t e r -  
nate route. 



TABLE 10.9-1 

WOODY PLANT COMMUNITIES ALONG THE ABANDONED TRANSMISSION LINE 

IN AREAS ADJACENT TO THE CLINCH R I V E R  SITE 

Overstory Comnuni t i e s  

Unforested 

Natura l  p ine  

Hardwood 

Coverage 

(acres)  (%) 

Pine p l a n t a t i o n  3.1 9.1 

Hardwood - n a t u r a l  p ine  - cedar 1.1 3.2 

Natura l  p ine  - cedar 1 .O 2.9 

Hardwood - cedar 

Hardwood - na tu ra l  p ine  

Cedar 

To ta l  



TABLE 10.9-2 

SOIL EROSION, HEAVY EQUIPMENT AND SEEDLING MORTALITY IMPACT POTENTIALS 

EXPRESSED AS PERCENTAGES OF THE CRBRP ALTERNATE SEGMENT CORRIDOR 

S o i l  Erosion Heavy Equipment Seed1 i ng Mortal  i ty 
Po ten t ia l  Impact Potent ia l ,  Po ten t ia l  

Degree (percent) (percent) (percent)  

S l i g h t  35.3 7.9 2.2 

S l i g h t  t o  49.6 
Moderate 

Moderate 1.4 25.0 66.9 

Moderate t o  13.7 
Severe 

Severe - - 7.1 5.7 

Tota l  



TABLE 10.9-3 

COMPARISON OF CRBRP PROPOSED AND ALTERNATE 'rRANSMISSION SEGMENTS A-B 

AND D-B BASED ON ACREAGE OF VEGETATIVE COMMUNITIES AFFECTED 

Acreage A f fec ted  

A-B D- B 
Community Type Proposed A1 te rna te  

Hardwood 14.6 4.2 

Unforested 

Natura l  p ine  

Hardwood - na tu ra l  p ine  - cedar 5.6 

Pine p l a n t a t i o n  1 .O 

Hardwood - na tu ra l  p ine  

Natura l  p ine  - cedar 

Hardwood - cedar 

Pine p l a n t a t i o n  - cedar 

Cedar 

To ta l  



TABLE 10.9-4 

COMPARISON OF CRBRP PROPOSED AND ALTERNATE TRANSMISSION ROUTES 

ON BASIS OF MILEAGE THROUGH SOIL IMPACT POTENTIAL CATEGORIES 

Soi 1 Heavy Equipment Seed1 i ng 
Erosion P o t e n t i a l  Irr~pact Po ten t i  a1 M o r t a l i t y  Po ten t i  a1 

Degree Proposed A1 te rna te  Proposed A1 te rna te  Proposed A1 te rna te  

Sl  i gh t  0.23 0.56 0.17 0.13 0.03 0.04 

S l i g h t  t o  0.94 0.80 0.94 0.73 0.07 0.07 
Moderate 

Moderate 0 0.02 0 0.40 0.87 1.07 

Moderate t o  0.23 0.22 0.24 0.23 0.39 0.33 
Severe 

Severe 0 0 0.05 0.11 0.04 0.09 



TABLE 10.9-5 

COMPARISON OF CRBRP PROPOSED AND ALTERNATE TRANSMISSION ROUTES 

ON BASIS OF MILEAGE THROUGH SOIL IMPACT POTENTIAL CATEGORIES 

Natura l  P r o d u c t i v i t y  

Degree Proposed A1 te rna te  

Moderate t o  
High 

Moderate 0.09 0.22 

Low t o  
Moderate 

Low 





10.10 OTHER SYSTEMS 

Several o t h e r  major  systems, as d iscussed below, were i n v e s t i g a t e d  and 

found t o  c rea te  no s i g n i f i c a n t  adverse environmental  impact.  Therefore,  

a l t e r n a t i v e s  f o r  these systems were n o t  considered. These systems 

i n c l u d e  t he  emergency d i e s e l  generators  and d i e s e l  f i r e  pump, steam 

genera to r  and emergency cool  i ng towers. 

10.10.1 EMERGENCY DIESEL GENERATORS AND DIESEL FIRE PUMP 

The CRBRP w i l l  ma in ta i n  two d i e s e l  generators  and a d i e s e l  f i r e  pump f o r  

emergency use d u r i n g  ou t s i de  power l oss .  These a re  r e q u i r e d  f o r  s a f e t y  

reasons and, except  f o r  r o u t i n e  t e s t i n g ,  a re  n o t  u t i l i z e d  du r i ng  normal 

opera t ion .  Environmental e f f e c t s  o f  d i e s e l  ope ra t i on  are d iscussed i n  

Sec t ion  5 . 5 .  

10.10.2 AUXILIARY STEAM GENERATOR 

An e l e c t r i c  a u x i l i a r y  steam generator  w i l l  be used t o  supply  steam f o r  

p l a n t  opera t ions  when i t  i s  n o t  a v a i l a b l e  by e x t r a c t i o n  f rom the  t u r b i n e -  

generator .  T h i s  genera to r  w i l l  be used f o r  i n i t i a l  p l a n t  s t a r t u p  and 

i n f r e q u e n t  occasions when t he  u n i t  i s  down. No gases w i l l  be em i t t ed  and, 

consequent ly,  no adverse environmental  impact w i l l  be assoc ia ted  w i t h  

t he  genera to r  opera t ion .  

10.10.3 EMERGENCY COOLING TONERS 

The emergency c o o l i n g  system supp l ies  c o o l i n g  water  t o  a l l  s a f e t y - r e l a t e d  

e q u i p m e n t - a f t e r  a  casua l t y  event .  It cons i s t s  o f  a  supply  bas in  and smal l  

c o o l i n g  towers.  The e n t i r e  system operates on a c losed  c y c l e  w i t h  no 

r o u t i n e  re leases t o  t he  environment; t h e r e f o r e ,  no adverse environmental  

impacts a re  expected. 



11.0 SUMMARY OF BENEFIT-COST ANALYSIS 

11 .1 GENERAL CONSIDERATIONS 

I t  must be recognized t h a t  any a c t  o f  man o r  na tu re  has some e f f e c t  upon 

t h e  environment. I t  i s  a l s o  impo r tan t  t o  no te  t h a t  a l though adverse 

impact can be reduced by t he  a1 l o c a t i o n  o f  a d d i t i o n a l  resources f o r  

environmental  p r o t e c t i o n ,  t h e  law o f  d im in i sh ing  r e t u r n s  app l i es  t o  t h e  

resources expended. Th i s  p o i n t  was recognized by t h e  U. S .  Congress i n  

enac t i ng  t h e  Nat iona l  Environmental P o l i c y  A c t  (NEPA) o f  1969 and was 

f u r t h e r  r e i n f o r c e d  by t h e  U. S.  Cour t  o f  Appeals f o r  t h e  D i s t r i c t  o f  

Columbia i n  1971 i n  t he  C a l v e r t  C l i f f s  dec i s i on .  A  b e n e f i t - c o s t  ana l ys i s  

o f  t he  proposed p r o j e c t  ( t h e  cos t -e f fec t i veness  p o r t i o n  i n  p a r t i c u l a r )  

formal  i zes t he  account ing o f  environmental  , s o c i a l  , economic and t echn i  - 
c a l  values o f  t h e  proposed p r o j e c t  and, t he re fo re ,  a s s i s t s  i n  t h e  imple-  

n ientat ion o f  bo th  t he  l e t t e r  and s p i r i t  o f  NEPA. 

The proposed a c t i o n  i s  t he  c o n s t r u c t i o n  and ope ra t i on  o f  a  demonstrat ion 

p l a n t  t h a t  w i l l  p rov ide  a  v i t a l  s tep  toward t he  achievement o f  t he  t i m e l y  

a v a i l a b i l i t y  o f  t he  LMFBR as a  power genera t ion  technology o p t i o n  f o r  

commercial use. Therefore,  t he  o b j e c t i v e s  and b e n e f i t s  o f  t he  proposed 

p r o j e c t  a re  broader i n  scope than i s  t h e  case f o r  nuc lea r  power p l a n t s  

b u i l t  f o r  t he  s p e c i f i c  purpose o f  genera t ing  e l e c t r i c a l  power. The 

methodology o f  benef i  t - c o s t  ana l ys i s  t y p i c a l l y  used" ) must then be 

somewhat a l t e r e d  t o  p rov ide  a  meaningful  e v a l u a t i o n  o f  t h i s  p a r t i c u l a r  

case. The severa l  areas where t h e  bene f i t - cos t  a n a l y s i s  r e f l e c t s  s i g -  

n i f i c a n t l y  d i f f e r e n t  perspec t i ves  are:  

1. The i d e n t i f i c a t i o n  and e v a l u a t i o n  o f  b e n e f i t s ;  

2. The ba lanc ing  o f  b e n e f i t s ,  which a re  l a r g e l y  qua1 i t a t i v e  

i n  na tu re  o r  cannot be reasonably presented on a  common 

bas is ,  wi  t h  cos ts  ; 



3. The ba lanc ing  of  bene f i t s  and cos ts  on more than one l e v e l  

o f  eva l  ua t ion ,  

a. The p r imary  bene f i t s  and economic cos ts  a re  n a t i o n a l  

i n  scope; 

b.  The secondary bene f i t s  and environmental  cos ts  a re  

mos t l y  l o c a l  i n  nature;  and 

4. The r e l a t i o n s h i p  between b e n e f i t s  and cos ts  o f  t h i s  s p e c i f i c  

p r o j e c t  and t he  broader  scope breeder  r e a c t o r  economy. ( 2 )  

I n  t he  process o f  develop ing a  p r o j e c t  p l a n  and des ign ing  t h e  proposed 

p l a n t ,  gu ide l i nes  have been used by t h e  p a r t i c i p a n t s  w i t h  t he  i n t e n t  o f  

reduc ing  t h e  environmental  cos ts  as much as poss ib l e .  I n  a d d i t i o n ,  t he  

recommendations o f  env i  ronmental consu l t an t s  ( 3 )  have been sought and 

i nco rpo ra ted  f o r  t h i s  purpose. A1 t e r n a t i  ves were eva l  uated (see Sec- 

t i o n  10) t o  improve systems and radwaste techno log ies .  The r e s u l t  i s  a  

proposed p l a n t  w i t h  low environmental  and s o c i a l  impacts ; the  d i f f e r e n c e s  

between a1 t e r n a t i v e s  a re  sometimes minor  and i n s i g n i f i c a n t .  I n  t h i s  

regard, i t  must be borne i n  mind t h a t  c o s t - b e n e f i t  ana l ys i s  i s  one o f  

many dec is ion-making t o o l s  o f  importance t o  e v a l u a t i o n  of  t h e  p r o j e c t .  

I t  prov ides  no d i s p o s i t i v e  answers i n  i t s e l f  and i t s  r e s u l t s  must be 

viewed w i t h  r e c o g n i t i o n  o f  t he  u n c e r t a i n t i e s  and q u a l i t a t i v e  values which 

a re  i n ~ p l  i c i t  i n  t he  ana l ys i s .  Nevertheless, t he  e v a l u a t i o n  has been 

conducted w i t h  thoroughness and concern f o r  environmental  values and 

d i r e c t e d  toward d e f i n i n g  t h e  n e t  b e n e f i t s  o f  t h e  p r o j e c t .  The d e t a i l e d  

eval  u a t i o n  o f  need, b e n e f i t s  , cos ts ,  socioeconomic concerns and a1 t e rna -  

t i v e s  has been presented i n  o t h e r  sec t i ons .  Th i s  s e c t i o n  w i l l  then 

summarize t h e  eva lua t i ons  f rom o t h e r  sec t i ons  and p resen t  t h e  complete 

b e n e f i t - c o s t  ana l ys i s  i n  an i n t e g r a t e d  framework. 



The methodology o f  b e n e f i t - c o s t  a n a l y s i s  used here c o n s i s t s  o f  t h e  

f o l l o w i n g  steps: 

1. Ana lys is  o f  a l t e r n a t i v e s  t o  t he  proposed CRBRP t o  a f f i r m  

t h a t  t h e  most c o s t - e f f e c t i v e  s e l e c t i o n s  t o  s a t i s f y  p r o j e c t  

o b j e c t i v e s  have been made t o  min imize environmental  and 

s o c i a l  cos ts  on an economic c o s t  bas i s .  (Sec t ions  1, 9 

and 10) ;  

2. C lea r  d e s c r i p t i o n  o f  t he  need f o r  t he  CRBRP i n  terms o f  

t h e  b e n e f i t  o f  t h a t  p r o j e c t  t o  s o c i e t y  (Sec t ion  1 ) ;  

3. Summarization o f  t he  c o s t - e f f e c t i v e  s e l e c t i o n s  made from 

a v a i l a b l e  a l t e r n a t i v e s  i n  ca tego r i es  o f :  

- a l t e r n a t i v e s  t o  p r o j e c t  (Sect ion 11.3.1) 

- p l a n t  s i t i n g  (Sec t ion  11.3.2) 

- p l a n t  des ign  a l t e r n a t i v e s  (Sec t ion  11.3.3) 

4. Summarization o f  t h e  environmental ,  economic and s o c i a l  

cos ts  o f  t h e  proposed p l a n t  (Sec t ion  11.4 as evolved f rom 

Sect ions 4, 5  and 8 ) ;  

5. Summarization o f  t he  b e n e f i t s  (Sec t ion  11.2 as evolved 

f rom Sec t ions  1  and 8 ) ;  and 

6. Ba lanc ing  t h e  cos ts  of t he  most c o s t - e f f e c t i v e  p r o j e c t ,  

p l a n t  and se lec t i ons ,  aga ins t  t h e  b e n e f i t s  t o  determine 

t h a t  a  n e t  b e n e f i t  t o  s o c i e t y  e x i s t s  (Sec t ion  11.5) a t  

bo th  t he  n a t i o n a l  and l o c a l  l e v e l s .  



11.2 IMPORTANT BENEFITS OF THE PROPOSED FACILITY 

The ob jec t i ves  of the  proposed p r o j e c t  have been discussed i n  Sect ion 1  

of t h i s  repo r t .  These ob jec t i ves  are  focused on the  development and 

demonstration o f  the LMFBR i n  a  commercial s e t t i n g .  The pr imary bene f i t s  

of the C l i nch  River  Breeder Reactor P l a n t  (CRBRP) w i l l  be those bene f i t s  

a t t a i n e d  by achiev ing those ob jec t i ves .  On t h i s  basis,  the  pr imary 

benef i ts  cons i s t  o f  t he  con t r i bu t i ons  made by t h i s  demonstration p r o j e c t  

as a  v i t a l  s tep i n  the  development o f  t he  LMFBR as an op t i on  f o r  the  

commerci a1 generat i o n  of e l e c t r i c i t y  . 

I n  s t r i v i n g  t o  a t t a i n  these pr imary bene f i t s ,  t h e  p r o j e c t  w i l l  a lso  pro- 

duce o the r  b e n e f i t s  which are  designated as secondary b e n e f i t s  . Second- 

a r y  b e n e f i t s  a re  a  c o r o l l a r y  t o  achievement o f  t he  s ta ted  ob jec t i ves  and 

cou ld  be produced by o ther  ac t ions .  This  does n o t  suggest however t h a t  

t he  secondary benef i ts  a re  n o t  s i g n i f i c a n t  i n  t he  o v e r a l l  eva lua t ion  and 

balancing o f  b e n e f i t s  and costs of t he  proposed p r o j e c t .  These secondary 

b e n e f i t s  a re  of r e a l  concern t o  the  communities i n  t h e  imnediate v i c i n i t y  

o f  t he  S i t e  and a re  thus inc luded i n  the  t o t a l  benef i t -cos t  ana lys is .  

11.2.1 PRIMARY BENEFITS 

The CRBRP i s  a  c r u c i a l  and valuable development and demonstration step 

toward the development of a  commercial breeder reac to r  i ndus t r y .  There- 

fo re ,  the  pr imary b e n e f i t s  cons i s t  o f  (1 ) those techno log ica l  , commercial 

and in fo rmat iona l  needs d i r e c t l y  prov ided by the  p r o j e c t ;  and (2)  the  

b e n e f i t s  o f  the  breeder reac to r  economy which can be a t ta ined  by develop- 

ment through t h i s  p r o j e c t  and are  thus a t t r i b u t a b l e  on a  longer term 

bas is .  

The d i r e c t  pr imary - b e n e f i t  o f  the  CRBRP w i  11 be the  es tab l  ished v i a b i  1  i ty  

o f  the  LMFBR as a  r e l i a b l e ,  sa fe  and envi ronmental ly  acceptable source 



o f  e l e c t r i c a l  energy and t o  p rov ide  a major c o n t r i b u t i o n  t o  t he  techn i ca l  

knowledge and i n d u s t r i a l  base t h a t  i s  necessary t o  es tab l  i s h  a commercial 

LMFBR i n d u s t r y  as an op t i on  f o r  power generat ion. The CRBRP w i l l  produce 

the  f o l l  owing b e n e f i t s  toward achiev ing the major ob jec t i ves :  

1. Demonstration t h a t  t h e  necessary technology i s  indeed 

a v a i l a b l e  t o  success fu l l y  sca le  up, cons t ruc t  and operate 

commercial-sized LMFBR's; 

2. Technical  bas is  f o r  extending the  technology t o  f u t u r e  

commercial p l a n t s  where improvements i n  f u e l  1 i fe,  p l a n t  

capac i ty  and thermal e f f i c i e n c y  w i  11 be made; 

3. Operat ing data on the  environmental impact o f  the LMFBR 

before  1 arge numbers o f  commercial i z e d  LMFBR's a r e  

constructed; 

4. Demonstration o f  t h e  nuclear  parameters necessary f o r  com- 

merc ia l  development; 

5. Demonstration o f  the  minimal impact from disposal  o f  r ad io -  

a c t i v e  waste ma te r i a l s  ; 

6. Demonstration of t he  equipment on a l a rge  scale; and 

7. Demonstration o f  t he  breeder concept i n  an i n d u s t r i a l  

environment. 

The LMFBR o f f e r s  subs tan t i a l  b e n e f i t s  through i t s  e f f i c i e n c y  i n  the  use 

o f  energy resources. This  t r a n s l a t e s  i n t o  savings of uranium ore  and 

associated min in ing  requirements, reduc t i on  i n  separa t ive  work requ i re -  

ments f o r  enrichment and f u e l  costs  f o r  nuc lear  power generat ion. Thus, 

t h e  a v a i l a b i l i t y  o f  f i s s i l e  f u e l s  can be extended cons iderab ly  and sub- 

s t a n t i a l  economic b e n e f i t s  a t t a ined .  These b e n e f i t s  are summarized i n  

Sect ions 1 and 9 and presented i n  d e t a i l  i n  t he  d r a f t  statement f o r  the  

LMFBR program. ) Since the  CRBRP i s  a necessary s tep  i f  these b e n e f i t s  

a r e  t o  be a t t a ined ,  these b e n e f i t s  w i l l  accrue beyond the  terms o f  t he  

proposed p r o j e c t .  



11.2.2 SECONDARY BENEFITS 

As a  d i r e c t  r e s u l t  of  t h e  comniitment t o  c o n s t r u c t  and operate t h e  CRBRP, 

a  number of secondary bene f i t s  w i l l  be generated. These b e n e f i t s  w i l l  

accrue t o  t h e  l o c a l  area f o r  t h e  most p a r t  and c o n s i s t  o f  t h e  jobs  c rea ted  

and the  r e s u l t a n t  income generat ion.  A  complete d e s c r i p t i o n  o f  these 

b e n e f i t s  and t h e  bases f o r  e s t i m a t i o n  have been presented i n  Sec t ion  8.2.2 

and a re  summarized i n  Table 11.2-1. 

During t he  peak c o n s t r u c t i o n  per iod,  as many as 2,050 jobs  w i l l  be c rea ted  

and w i  11 l ead  t o  t h e  r e s u l t a n t  d i r e c t  and induced income o f  $30 m i l l i o n  

i n  t he  y e a r  o f  maximum a c t i v i t y .  Approximately 120 employees w i l l  be 

r e q u i r e d  f o r  t he  long- term ope ra t i on  o f  t he  p l a n t .  'This w i l l  generate 

about $2.2 m i l l  i o n  i n  d i r e c t  and induced income l o c a l l y .  'The t o t a l  

income b e n e f i t s  (1974 d o l l a r s )  generated ove r  t he  c o n s t r u c t i o n  p e r i o d  w i l l  

be $107 m i l l i o n .  I n  add i t i on ,  t h e  income b e n e f i t s  (1974 d o l l a r s )  o f  

$1.6 m i l  1  i o n  per  yea r  w i  11 be generated. 

I n  a d d i t i o n  t o  t h e  employnient and income b e n e f i t s  t o  t he  l o c a l  reg ion ,  

a  number o f  o t h e r  secondary b e n e f i t s  w i l l  be generated. Those employees 

moving i n t o  t h e  area f rom o t h e r  areas w i l l  s t i m u l a t e  t he  c o n s t r u c t i o n  of 

housing and t he  cont inued economic growth o f  t he  area.  Whi le t h e  con- 

t r i b u t i o n  o f  t h i s  p r o j e c t  t o  t h e  l o c a l  economy w i l l  be smal l  compared t o  

t h e  t o t a l  e x i s t i n g  economic a c t i v i t y ,  i t  w i l l  be a  p o s i t i v e  c o n t r i b u t i o n  

as shown i n  Table 11.2-1. The increased popu la t i on  and economic a c t i v i t y  

w i l l  c a r r y  an app rop r i a te  p o r t i o n  o f  t he  t a x  revenue requirements on an 

equal bas i s  w i t h  t h e  e x i s t i n g  res iden t s  and economy. 

The power genera t ing  capac i t y  of t h e  p l a n t  w i l l  n o t  supplant  o t h e r  gener- 

a t i n g  capac i t y  i n  t h e '  TVA system. However, t h e  e l e c t r i c a l  ou tpu t  gener- 

a t e d  by t h e  p l a n t  w i l l  be purchased by TVA as p a r t  o f  t he  p r o j e c t  agree- 

ments. It i s  a n t i c i p a t e d  t h a t  about 1-114 b i l l i o n  k i l owa t t - hou rs  of  

e l e c t r i c i t y  va lued a t  $9.4 m i l  1  i o n  (1974 do1 l a r s )  w i  11 be made a v a i l a b l e  



annua l l y  t o  t h e  TVA system as a  r e s u l t  o f  ope ra t i on  o f  t h e  CRBRP d u r i n g  

t h e  demonstrat ion per iod .  When t h e  p l a n t  i s  o p e r a t i n g  i t  w i l l  then e f f e c t  

a  snial l  r e d u c t i o n  i n  t he  requ i red  genera t ion  t o  meet demand and asso- 

c i a t e d  environmental  e f f e c t s  w i t h i n  t h e  TVA system. 

I n  a d d i t i o n  t o  t h e  secondary b e n e f i t s  a t t a i n e d  l o c a l l y ,  i t  can be noted 

i n  Table 8.3-1 t h a t  f u e l  f a b r i c a t i o n ,  n i a te r i a l s ,  eug- ineer ing and equip-  

ment of  t h e  r e a c t o r  manufacturer  and t h e  a r ch i t ec t -eng inee r ,  and develop- 

ment c o n s t i t u t e  s i g n i f i c a n t  expendi tures.  T h i s  i n  t u r n  w i l l  m a i n t a i n  

and generate jobs  and income a t  a  number o f  l o c a t i o n s  th roughout  t he  

coun t ry .  Whi le  none o f  t h i s  b e n e f i t  i s  s u f f i c i e n t l y  concentrated o r  

l a r g e  i n  magnitude t o  impact on l o c a l  economies, these do c o n s t i t u t e  

s i g n i f i c a n t  b e n e f i t s  t o  t he  i n d i v i d u a l s  and c o r p o r a t i o n  d i r e c t l y  i nvo l ved .  

I n  a d d i t i o n  t o  t h e  secondary bene f i t s  r e s u l t i n g  d i  r e c t l y  f rom expendi - 
t,ures f o r  t h e  p r o j e c t ,  t h e r e  a r e  many o t h e r  secondary b e n e f i t s  which a r e  

a t t r i b u t a b l e  t o  t he  CRBRP ove r  t h e  l ong  term. Some o f  these a r e  t h e  

secondary b e n e f i t s  of  t h e  t i m e l y  development o f  t he  LMFBR as a  commer- 

c i a l l y  a v a i l a b l e  power genera t ion  op t i on .  To t h e  e x t e n t  t h a t  t he  CRBRP 

i s  a  v i t a l  s t ep  i n  t h a t  development, these secondary b e n e f i t s  accrue 

beyond t he  te rm o f  t h e  p r o j e c t .  Some o f  these secondary b e n e f i t s  are:  

1 .  Reduct ion i n  environmental  e f f e c t s  o f  min ing;  

2. Reduced dependence on enr ichment  f a c i l i t i e s  w i t h  t he  asso- 

c i  a ted energy, environmental  and cap i  t a l  cos ts  ; 

3. Reduced s t r a i n  on r a p i d l y  decreas ing known supp l i es  o f  

pet ro leum and n a t u r a l  gas; 

4. Reduced dependence of  t he  Un i ted  S ta tes  on resources o f  

o t h e r  na t i ons  ; 

5. Improvement i n  t h e  n a t i o n ' s  balance o f  payments; and 

6. The con t inued  growth o f  t h e  s tandard o f  l i v i n g  r a t h e r  

than f o r c i n g  reduc t i ons  due t o  a  l a c k  o f  energy resources. 



TABLE 11.2-1 

SECONDARY BENEFITS SUMMARY 

Employment Benef i t s  (number) 

Peak cons t ruc t i on  employment 

Operat ing and techn i ca l  permanent 

Induced permanent employment 

Income Bene f i t s  ( m i l l i o n s  o f  d o l l a r s )  

P a y r o l l  income (1 974 do1 l a r s )  

Through demonstrat'on pe r i od  

Induced employment income (1  974 do1 1 a r s )  

Through demonstrat ion pe r i od  

Annual p a y r o l l  income (1  974 do1 1 a r s )  

Maximum cons t ruc t i on  

D i r e c t  and induced permanent 

E l e c t r i c a l  generat ion b e n e f i t s  

Val ue o f  e l e c t r i c i t y  purchased 
( m i l l i o n  o f  1974 d o l l a r s )  



11.3 PROJECT COST-EFFECTIVENESS 

The development o f  sound b e n e f i t - c o s t  a n a l y s i s  f o r  a  proposed p r o j e c t  i s  

dependent on a  cos t - e f f ec t i veness  eva l  u a t i o n  o f  a1 t e r n a t i  ves t h a t  a r e  

a v a i l a b l e .  The purpose i s  t o  demonstrate t h a t  t h e  proposed a c t i o n  con- 

s t i  t u t e s  t h e  most reasonable  and r e s p o n s i b l e  course o f  a c t i o n  o f  a1 1  

a v a i l a b l e  cho ices t o  meet t h e  s t a t e d  o b j e c t i v e s .  By e v a l u a t i n g  a1 t e r -  

n a t i v e s  on t h e  bas i s  o f  a  s p e c i f i e d  p r o j e c t ,  t h e  p r ima ry  b e n e f i t s  asso- 

c i a t e d  w i t h  t h e  a l t e r n a t i v e s  a r e  assumed t o  be equal .  Thus, t h e  b e n e f i t -  

c o s t  a n a l y s i s  can, i n  essence, be reduced t o  a  cos t - e f f ec t i veness  

eva lua t i on .  

Severa l  ca tego r i es  o f  a1 t e r n a t i v e s  have been cons idered i n  t h i s  b e n e f i  t- 

c o s t  a n a l y s i s  i n  o r d e r  t o  assure a  maximum b e n e f i t - t o - c o s t  balance. 

These ca tego r i es  are:  

\ 1. S t r a t e g i c  a1 t e r n a t i  ves t o  t h e  p r o j e c t ;  

2. S i t e  a l t e r n a t i v e s ;  and 

3. P l a n t  des ign  a l t e r n a t i v e s .  

The c o n s i d e r a t i o n  o f  a l t e r n a t i v e s  i n  t h e  c o s t - e f f e c t i v e n e s s  e v a l u a t i o n  

o f  t h i s  p r o j e c t  i s  presented i n  a  h i e r a r c h i c a l  o rde r  as a  means o f  na r -  

row ing  t h e  scope o f  a1 t e r n a t i  ves. Thus, t h e  bas i c  s t r a t e g i c  a1 t e r n a t i v e s  

a r e  presented f i r s t ,  f o l l owed  by cons ide ra t i on  o f  a l t e r n a t i v e  s i t e s  f o r  

t h e  p l a n t .  A l t e r n a t i v e  p l a n t  des ign  op t i ons  t o  improve t h e  env i ronmenta l  

and economic cos t -e f f ec t i veness  f o r  t h e  s p e c i f i c  p l a n t  and l o c a t i o n  a r e  

t hen  e v a l  uated. 

Summaries o f  t h e  c o s t - e f f e c t i v e n e s s  e v a l u a t i o n  presented i n  o t h e r  s e c t i o n s  

o f  t h i s  r e p o r t  a r e  p resen ted  i n  t h e  f o l l o w i n g  subsect ions.  



11.3.1 STRATEGIC ALTERNATIVES TO PROJECT 

S t r a t e g i c  a1 t e r n a t i v e s  t o  t h e  C l  i n c h  R i ve r  Breeder Reactor P l a n t  (CRBRP) 

a re  l i m i t e d  by t he  na tu re  of  t h e  o b j e c t i v e s  o f  t h i s  p r o j e c t .  Since t h e  

s t a t e d  o b j e c t i v e  i s  t he  development and demonstrat ion o f  t h e  LMFBR and 

s i nce  a l t e r n a t i v e  energy sources t o  t h e  LMFBR have been evaluated,  o t h e r  

energy sources a r e  n o t  a  p a r t  o f  t h i s  cons ide ra t i on  o f  a l t e r n a t i v e s .  

B u i l d i n g  upon t h e  base of  t h e  h i s t o r i c a l  LMFBR program, w i t h  t h e  Fas t  

F l  ux Tes t  Fac i  1  i ty (FF'TF) be iqg  t he  most advanced stage, t h e  f o l  1  owing 

s t r a t e g i c  a l t e r n a t i v e s  cou ld  be conceived: 

1  . A1 1  new LMFBR p l a n t ;  

2. New LMFBR as steam supply  hooked on t o  an e x i s t i n g  balance 

o f  p l a n t ;  

3. Mod i fy  e x i s t i n g  r e a c t o r s  ; 

4. Change scope and mod i fy  FFTF; and 

5. E l i m i n a t e  demonstrat ion s i z e  p l a n t  and proceed d i r e c t l y  t o  

commerci a1 reac to r s .  

Ana l ys i s  o f  these a l t e r n a t i v e s  revea l s  t h a t  o n l y  t he  f i r s t  two war ran t  

eva l  u a t i o n  i n  d e t a i  1  . Pl  a n t  s i z i n g  r e q u i  rements a r e  discussed i n  Sec- 

t i o n  1.3.6 where p l a n t s  e i t h e r  sma l l e r  o r  1  a rge r  than t h e  300-500 MWe 

raqge a re  shown t o  be i r r ~ p r a c t i c a l  s e l e c t i o n s  by n o t  p r o v i d i n g  a  reasonable 

advancement i n  t h e  LMFBR technology w i t h o u t  s u b s t a n t i a l  r i s k s  and cos ts .  

Likewise, go ing d i r e c t l y  f rom the  FFTF t o  a  commercial LMFBR would have 

inc reased  cos ts  and a  1  ower probabi  1  i ty o f  success. E x i s t i n g  r e a c t o r s  

would n o t  be compat ib le  f o r  m o d i f i c a t i o n  because o f  bas i c  des ign d i f -  

ferences, major  s i z e  d i f f e r e n c e s  and t h e  1  ack o f  t e c h n i c a l  f e a s i b i l  i ty. 

M o d i f i c a t i o n  o f  t h e  FFTF would r e q u i r e  se r i ous  compromising o f  t he  

o b j e c t i v e s  f o r  which t h e  FFTF was in tended,  des ign and economic cos ts  

comparable t o  the  c o n s t r u c t i o n  of new f a c i l i t i e s  and t he  l o s s  o f  va luab le  

t e s t i n g  and exper imenta l  data f o r  t he  assurance o f  v i a b l e  and sa fe  design. 



The two s t r a t e g i c  a1 t e r n a t i  ves cons idered wor thy o f  d e t a i l e d  ana l ys i s  

( a l l  new p l a n t  and t h e  hook-on p l a n t  have been thorough ly  eva lua ted  as 

s p e c i f i c  op t ions  i n  Sec t ion  9.2. 

11.3.2 SITE ALTERNATIVES 

The o b j e c t i v e  i n  e v a l u a t i n g  s i t e  a l t e r n a t i v e s  i s  t o  e s t a b l i s h  t h e  p re -  

fe r red  a l t e r n a t i v e  f o r  l o c a t i o n  o f  t h e  p l a n t .  The c r i t e r i a  f o r  s i t e  

eva l  u a t i o n  encompass re1 evan t  env i  ronmental , economi c, s o c i a l  and t echn i -  

c a l  cons idera t ions .  These c r i t e r i a  p rov ide  a  framework f o r  s e l e c t i o n  o f  

t h a t  s i t e  l o c a t i o n  which, on ba lance of r e l e v a n t  env i ronmenta l ,  economic, 

s o c i a l  and t e c h n i c a l  f a c t o r s ,  w i l l  enable achievement o f  t h e  p r o j e c t  

o b j e c t i v e s  most e f f e c t i v e l y  . 

S i t e  a1 t e r n a t i  ves a r e  eva lua ted  i n  con junc t i on  w i t h  p l a n t  a1 t e r n a t i v e s  

( a l l  new p l a n t  versus a  hook-on p l a n t )  i n  Sec t ion  9.2. That  e v a l u a t i o n  

r e f l e c t s  a  sys temat ic ,  s tep-wise cons ide ra t i on  o f  

1. The sc reen ing  o f  hook-on s i t e s ;  

2. The e v a l u a t i o n  o f  eng ineer ing  and economic f e a s i b i l i t y  

o f  hook-on arrangements a t  candidate hook-on s i t e s ;  

3. The sc reen ing  o f  new p l a n t  s i t e s ;  and 

4. The comparat ive e v a l u a t i o n  of  bo th  hook-on and new candidate 

s i t e s  w i t h  respec t  t o  i d e n t i f i a b l e  environmental ,  economic, 

s o c i a l  and t echn i ca l  f ac to r s .  

B r i e f l y  surr~marized, t h e  eval  u a t i o n  o f  s i t e  a1 t e r n a t i  ves demonstrates 

t h a t :  

1. Upon a n a l y s i s  o f  f a c t o r s  such as p l a n t  s i ze ,  steam condi -  

t i o n s ,  se ismic  c h a r a c t e r i s t i c s ,  popu la t i on  d i s t r i b u t i o n  

and p l a n t  u t i l i z a t i o n  pa t t e rns ,  TVA's e x i s t i n g  Widows 

Creek and John Sev ie r  steam p l a n t s  were se lec ted  as accept-  

a b l e  candidate hook-on s i t e s .  



2. While acceptance o f  l e s s  than optimum steam cond i t i ons  

would be requi red,  d e t a i l e d  eva lua t i on  i n d i c a t e d  t h a t  

hook-on arrangements a t  t h e  candidate s i t e s  could be 

designed t o  accommodate an LMFBR NSSS. Hook-on arrange- 

ments a t  t h e  candidate s i t e s  were considered t o  s a t i s f y  

engineer ing and economic f e a s i b i l i t y .  

3. Upon ana l ys i s  o f  f a c t o r s  such as the  a v a i l a b i l i t y  o f  

coo l i ng  water, se ismic cond i t ions ,  access f a c i l i t i e s ,  

popu la t ion  d i s t r i b u t i o n ,  s i t e  a v a i l a b i l i t y  and f u t u r e  s i t e  

usage f o r  eleven new s i t e s  i n  the  TVA s e r v i c e  area, each 

o f  t he  s i t e s  was considered from a  s i t e  s u i t a b i l i t y  and 

environmental s tandpo in t  t o  be equiva lent .  However, on l y  

t he  C l i nch  R iver  s i t e  met t he  s i t e  s e l e c t i o n  c r i t e r i a  o f  

avai  1  a b i l  i ty and f u t u r e  usage. Moreover, con~parison o f  

s i t e  phys ica l  , engineer ing and environmental character-  

i s t i c s  i n d i c a t e d  t h a t  t he re  were no known reasons f o r  

p rec lud ing  cons idera t ion  o f  t he  C l i nch  R iver  s i t e .  

Therefore, the  C l i nch  R ive r  s i t e  was se lec ted  f o r  more 

d e t a i l e d  ana l ys i s  as a  candidate new s i t e .  

4. Upon d e t a i l e d  eva lua t ion  o f  t h e  s o c i a l ,  environmental  and 

economic c h a r a c t e r i s t i c s  o f  t h e  candidate hook-on and new 

s i t e s ,  no s t rong  o v e r a l l  advantage f o r  any s i t e  was 

apparent. The candidate s i t e s  were considered t o  be 

envi ronmenta l ly  equ iva len t  and there  were no known reasons 

why each would n o t  be envi ronmenta l ly  acceptable. I n  

add i t i on ,  each o f  t h e  p l a n t - s i t e  arrangements were con- 

s idered  t o  be economical ly equ iva len t  w i t h i n  the  l i m i t s  

o f  unce r ta in t y  i n  t h e  ana lys is .  However, f u r t h e r  eva lua t ion  

o f  p l a n t  c h a r a c t e r i s t i c s  f o r  hook-on versus a l l  new p l a n t  

arrangement o f f e r e d  o v e r r i d i n g  techn i ca l  advantages i n  

terms o f  capabi 1  i ty t o  meet p r o j e c t  ob jec t i ves .  Therefore, 

on balance o f  a l l  r e l evan t  environmental, economic, s o c i a l  



and techn i ca l  considerat ions,  t h e  C l i n c h  R ive r  s i t e ,  w i t h  

i t s  a l l -new p l a n t  arrangement, was se lec ted  as t h e  pre-  

f e r r e d  a1 t e r n a t i  ve. 

11.3.3 PLANT DESIGN ALTERNATIVES 

A l t e r n a t i v e  p l a n t  design features were evaluated t o  demonstrate t h a t  t h e  

se lec ted  p l a n t  systems a r e  t h e  most c o s t - e f f e c t i v e  op t ions  a v a i l a b l e  

f o r  min imiz ing  t h e  p o t e n t i a l  environmental impact. These eval ua t ions  

a r e  presented i n  d e t a i l  i n  Sec t ion  10. 

As demonstrated throughout t h i s  repo r t ,  t h e  proposed CRBRP i s  comprised 

o f  p l a n t  systems which w i l l  r e s u l t  i n  an i n s i g n i f i c a n t  impact on t h e  

environment. The magnitudes o f  p o t e n t i a l  f u r t h e r  reduc t ions  a re  i n  a l l  

cases very small and i n  some cases do n o t  e x i s t  w i t h  present  technology. 

Where minor  reduct ions i n  environmental costs  o f  a p a r t i c u l a r  type  might  

be a v a i l a b l e ,  o t h e r  environmental costs  o r  economic costs  outweigh t h e  

s l i g h t  advantage. Therefore, t h e  p l a n t  design a l t e r n a t i v e s  se lec ted  

have been demonstrated i n  Sec t ion  10 t o  be t h e  most c o s t - e f f e c t i v e  

avai  1 able.  

11.3.4 COST-EFFECTIVENESS OF PROPOSED PLANT 

By cons ider ing  a1 1 o f  t h e  a v a i l a b l e  a1 t e r n a t i v e s  f o r  reduc t i on  o f  the 

environmental impacts o f  t h e  proposed CRBRP, i t  has been demonstrated 

t h a t  t he  proposed p l a n t  i s  t he  c o s t - e f f e c t i v e  course o f  a c t i o n  t o  achieve 

the  des i red  ob jec t i ves .  



11.4 SUMMARY COSTS OF PROPOSED PLANT 

11.4.1 ENVIRONMENTAL COSTS 

The environmental costs o f  t he  proposed p l a n t  have been discussed and 

evaluated i n  Sections 4, 5  and 10 and are sumiiarized i n  Table 11.4-1. 

I n  a d d i t i o n  t o  the  environmental costs d i r e c t l y  r e s u l t i n g  from the  con- 

s t r u c t i o n  and operat ion o f  t he  p lan t ,  there  are remote and i n d i r e c t  en- 

vironmental costs r e s u l t i n g  from f u e l  cyc le  considerat ions.  These costs, 

presented i n  Tables 5.7-1 and 5.7-2, est imate those remote Impacts and 

show t h a t  the sniall incremental impacts a t t r i b u t a b l e  t o  the  f u e l  cyc le  do 

no t  s i g n i f i c a n t l y  increase the  environmental costs o f  the  p r o j e c t  and i n  

no way a f f e c t  the  conclusion o f  t he  cos t -benef i t  analys is .  I n  eva lua t ing  

a1 te rna t ives ,  se lec t i ng  p l a n t  systems and a r r i v i n g  a t  s p e c i f i c  designs, 

concern f o r  the reduct ion  o f  environmental impact p o t e n t i a l  has been ex- 

h i b i t e d .  The r e s u l t  has been a  proposed p l a n t  f o r  which the re  w i l l  be 

n e g l i g i b l e  environmental impact. 

11.4.2 ECOIVOMIC COSTS 

The most impor tan t  economic costs o f  t h i s  proposed CRBRP a re  the  d i r e c t  

costs o f  cons t ruc t ion  and operat ion o f  t h e  demonstration p lan t .  These 

costs are presented i n  Sect ion 8.3.1 and Table 8.3-1. The t o t a l  p l a n t  

investment i s  est imated a t  $868.6" m i  11 ion.  Development costs and operat- 

i n g  costs over the f i ve -yea r  demonstration per iod  w i l l  b r i n g - t h e  t o t a l  

p r o j e c t  cost  i n  1974 d o l l a r s  t o  $1.4785 b i l l i o n . *  

* This f i g u r e  inc ludes esca la t ion  and contingency. 



11.4.3 SOCIAL COSTS 

The cons t ruc t i on  and opera t ion  o f  t h e  CRBRP w i l l  l ead  t o  a number o f  

s o c i a l  costs .  These are l o c a l  i n  nature f o r  the most p a r t .  The s o c i a l  

costs  are summarized i n  Table 11.4-2. Most impor tan t  o f  these s o c i a l  

costs  are those r e s u l t i n g  . f rom the  cons t ruc t i on  phase when a l a rge  number 

o f  temporary employees w i l l  have impacts on the l o c a l  communities and the 

s o c i a l  serv ices  such as schools, housing and highways. Since a l l  o f  these 

costs,  as summarized i n  t he  tab le ,  are r e l a t i v e l y  smal l  -in con~parison t o  

the a b i l i t y  o f  the communities t o  absorb them, no s i g n i f i c a n t  de t r imenta l  

impact i s  expected. 
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TABLE 11.4-1 (Continued) 

Report 
Envi ronmental Cost I tem Cost Measure Cost Magnitude Locat ion  

Chemical Plumes 

Chemical Waste Treatment' System Maxi.mum increase i n  8.2 Table 10.4-4 
Discharges ( i n c l u d i n g  coo l i ng  r i v e r  TDS (%)  
sys tem b l  owdown) 

B ioc ide  System Discharges Maximum increase i n  0.0051 Table 10.5-1 
complexed C12 (%)  

San i ta ry  Waste System Discharges Maximum increase i n  0.05 Table 10.6-4 
r i v e r  BOD (%) 

-I 

-I AQUATIC IMPACT - BIOLOGICAL 
P 

P Entrainment 

Impingement 

%/yr o f  organisms 

Water v e l o c i t y  
0.75 i n c h  from 
screen sur face 

% o f  r i v e r  cross- 
sec t i ona l  area 
occupied by i n  take 
s t r u c t u r e  

Thermal Plume B i o l o g i c a l  Effects No impact 

0.33 Table 10.1-10 

0.2 fps  

0.4 p. 10.2-17 

Sect ion 5.1.3 

(Continued) 



TABLE 11 .4-1 (Continued) 

Report 
Environmental Cost Item Cost Measure Cost Magnitude Location 

AIR IMPACT 

Dr i f t  Deposition 

Ground Fog 

P 

UI Visible Plume 

RADIOLOGICAL IMPACT 

Dose t o  Aquatic Species 

External t o t a l  

Internal t o t a l  

Dose t o  Ter res t r ia l  Species 

External to ta l  

Internal t o t a l  

lbs/acre-month of 2 p. 5.1-20 
chlorides 

1 bs/acre-month of 89 Table 5.1-9 
TDS 

Potential hrs/yr of 146 Table 5.1-7 
<1/2 mile v i s i b i l i t y  

Percent of natural 2.3 Table 10.1-10 
fog 

Extent in  miles fo r  1.8 Table 10.1-10 
C s t a b i l i t y ,  95% RH 

Maximum, mrem/yr 1.7 x Table 5.2-5 
Maximum, mrem/yr 1.61 Table 5.2-5 

Maximum, mrem/yr 0.01 Table 5.2-5 

Maximum, mrem/yr 1.06 Table 5.2-5 

(Continued) 
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11.5 BALANCE OF BENEFITS AND COSTS 

As a r e s u l t  o f  t he  cos t -e f fec t iveness  eva lua t ion  o f  a l t e r n a t i v e s  t o  the 

pro jec t ,  s i t e  a l t e r n a t i v e s  and p l a n t  design a l t e rna t i ves ,  a proposed 

p r o j e c t  has been presented which meets regu la t ions  and p ro tec ts  indigenous 

values a t  minimum environmental , economic and s o c i a l  costs. The r e s u l t i n g  

costs, as sumnarized i n  Sect ion 11.4 must then be balanced against  t he  

b e n e f i t s  summarized i n  Sect ion 11.2 t o  demonstrate t h a t  a n e t  b e n e f i t  

t o  soc ie t y  e x i s t s .  Because o f  the unique character  o f  the proposed 

C l inch  R iver  Breeder Reactor P lan t  (CRBRP), t h i s  balancing o f  b e n e f i t s  

and costs can be evaluated a t  both the n a t i o n a l  and l o c a l  l e v e l s .  

11.5.1 NATIONAL-LEVEL BENEFIT-COST BALANCE 

The CRBRP i s  proposed as a v i t a l  s tep  toward the  develop~iient o f  the  LMFBR 

as a v i a b l e  and corrunercially acceptable power generat ion op t i on  f o r  

operat ion i n  the  l a t e  1980's and beyond. As such, the LMFBR w i l l  o f f e r  

subs tan t i a l  n e t  b e n e f i t s  t o  the  n a t i o n  by extendivg the  usefulness o f  

a v a i l a b l e  energy resources and reducing the environmental and economic 

costs o f  e l e c t r i c a l  power generat ion. These n e t  b e n e f i t s  have been 

thoroughly evaluated on both q u a n t i t a t i v e  and q u a l i t a t i v e  bases by the 

USAEC. ) Since the  CRBRP i s  an important  development and demonstration 

s tep  toward achievement o f  those benef i ts ,  the  b e n e f i t s  w i l l  accrue beyond 

the term o f  the  CRBRP p r o j e c t .  They do c o n s t i t u t e  a s t rong i n c e n t i v e  f o r  

proceeding along the  path toward a breeder economy. 

The d i r e c t  pr imary b e n e f i t  o f  the CRBRP w i  11 be the  demonstration o f  t he  

LMFBR as a r e l i a b l e ,  safe and envi ronmental ly  acceptable source o f  

e l e c t r i c a l  energy and t o  prov ide a v i t a l  s tep  toward a commercial LMFBR 

i n d u s t r y  as a power generat ion opt ion.  These b e n e f i t s  have been discussed 

i n  d e t a i l  i n  Sect ion 1 and summarized i n  Sect ion 11.2.1. I n  o rder  t o  

accomplish t h i s  ob jec t i ve ,  c e r t a i n  n a t i o n a l  l e v e l  costs w i l l  be incurred.  

Foremost among these costs w i l l  be the economic costs f o r  p l a n t  i nves t -  

ments, development and operat ion through the  f i  ve-year demonstration 



per iod.  These economic costs are p resen t l y  est imated t o  be $1.4785 b i l -  

l i o n .  I n  comparison, " the  n e t  cos t  sav ing over  the pe r i od  1974-2020 i s  

o f  the o rde r  o f  $50 b i l l i o n  on a discounted basis  ( )  f o r  t he  assumed 

breeder economy. Therefore, t he  economic value o f  p rov id ing  t h i s  v i t a l  

s tep  i n  breeder development w i l l  more than pay f o r  i t s e l f  economical ly 

should the  breeder economy be achieved. I n  any case, these economic 

costs represent  an investment o f  s u b s t a n t i a l l y  l ess  than 1/10 o f  a  per- 

cen t  o f  our  federa l  budget (as a means o f  comparison), which i s  a small 

cos t  t o  pay f o r  developing the  op t i on  o f  t he  breeder f o r  power generat ion. 

While the  economic costs even a t  t h i s  low p ropo r t i ona l  l e v e l  represent  

a subs tan t i a l  f i n a n c i a l  cornnii tment, t he  s i g n i f i c a n t  extension o f  energy 

resources and reduc t ion  i n  environmental costs  a re  we1 1 j u s t i f i e d .  The 

t o t a l  o f  $1 -4785 b i  11 i o n  expended i n  the  p r o j e c t  wi 11 i n  t u r n  ma in ta in  

and generate jobs and income a t  numerous l oca t i ons  throughout the  country.  

S i m i l a r l y ,  minor secondary l e v e l  environmental costs  w i l l  be i n c l ~ r r e d  

i n  con junc t ion  w i t h  t he  ma te r i a l s  and f a b r i c a t i o n  components o f  these 

expenditures. 

From a s l i g h t l y  d i f f e r e n t  perspect ive,  a l b e i t  less amenable t o  q u a n t i f i  ca- 

t i o n ,  development o f  t h e  breeder as an op t i on  f o r  t he  generat ion o f  

e l e c t r i c a l  energy can be j u s t i f i e d  on the  bas is  o f  t h e  b e n e f i t s  i t  pro- 

vides as insurance o r  a means o f  r i s k  aversion. Development o f  t he  

breeder p ro tec t s  t he  n a t i o n ' s  f u t u r e  i n t e r e s t  i n  s t a b l e  domestic energy 

supp l ies  a t  reasonable cost .  Should the  breeder op t i on  be developed and 

f u t u r e  events prove t h a t  i t  i s  n o t  needed, then the  cos t  t o  the  n a t i o n  i s  

t h a t  sunk cos t  o f  i t s  development. Should, however, t he  breeder n o t  be 

developed and should o t h e r  p resen t l y  nascent energy sources n o t  be develop- 

ed and ava i l ab le  i n  t ime t o  meet energy demands, t he  s o c i e t a l  cos t  t o  t he  

n a t i o n  would be immeasurably la rge .  When the  r e l a t i v e l y  minor r i s k s  of 

developing the breeder a re  balanced aga ins t  the  enormous r i s k s  which 

a t t end  a f a i l u r e  t o  develop the  breeder, t he  choice i s  c l ea r .  Timely 

complet ion o f  CRBRP w i l l  lead t o  t i m e l y  a v a i l a b i l i t y  o f  t he  breeder and 



i t s  bene f i t s .  On balance, t h e  b e n e f i t s  t o  the  n a t i o n  o f  p rov id ing  t h i s  

v i t a l  s tep  i n  developing the  breeder op t i on  s t r o n g l y  outweigh the  costs  

i ncu r red  on a  na t i ona l  bas is .  

11.5.2 LOCAL LEVEL BENEFIT-COST BALANCE 

The ob jec t i ves  o f  the  CRBRP are d i r e c t e d  toward se rv ing  n a t i o n a l  needs 

f o r  a  breeder power generat ion capabi l  i ty. Likewise, t he  major  economic 

costs  w i l l  be borne on a  n a t i o n a l  l e v e l .  However, t h e  proposed CRBRP 

i s  t o  be s p e c i f i c a l l y  l o c a t e d  a t  a  s i t e  on the C l inch  R ive r  i n  eas t  

c e n t r a l  Tennessee. Those environmental and s o c i a l  costs  d i r e c t l y  r e s u l -  

t i n g  from the  cons t ruc t i on  and opera t ion  o f  the  CRBRP w i l l  be l a r g e l y  

l i m i t e d  t o  t h e  immediate reg ion  surrounding t h e  s i t e .  These cos ts  (1 ) 

a re  minimal i n  magnitude; (2) do n o t  i n f r i n g e  upon indigenous envi ron-  

, niental and s o c i a l  values; and (3)  a r e  favorably  balanced w i t h  l o c a l  

b e n e f i t s  r e s u l t i n g  f rom t h e  p r o j e c t .  

The environniental and s o c i a l  costs  o f  t h e  CRBRP have been summarized i n  

Tables 11.4-1 and 11.4-2 and Sect ions 11.4.1 and 11.4.3. As shown there,  

t he  expected environmental and s o c i a l  costs  a re  i n  most cases n e g l i g i b l e  

and would n o t  be expected t o  i n f r i n g e  on indigenous values. It i s  possi-  

b l e  t h a t  some s o c i a l  costs  ni ight be i ncu r red  i n  t h e  l o c a l  school system 

and l o c a l  t r a f f i c  s i t u a t i o n  du r i ng  the  pe r i od  o f  p l a n t  cons t ruc t ion .  

I n  add i t ion ,  l o c a l i z e d  a d d i t i o n a l  environmental s t r a i n  on an a1 ready 

t i g h t  housing s i t u a t i o n  might  be expected. These soc ia l  costs  a re  n o t  

insurmountable, b u t  might e n t a i  1  some l o c a l  economic costs  t o  overcome. 

With forewarning, i t  i s  poss ib le  t h a t  these s o c i a l  costs  can be a l l e v i a t e d  

t o  some ex ten t .  

To balance w i t h  these environmental and s o c i a l  costs ,  t he re  w i l l  be some 

l o c a l  b e n e f i t s  as discussed i n  Sect ion 11.2.2. Among the  secondary 

b e n e f i t s  o f  t he  CRBRP a re  income and employment b e n e f i t s  expected t o  

r e s u l t  f rom t h e  construct i .on and opera t ion  o f  t he  p l a n t  amounting t o  



about $1 15 m i l  1  i o n  i n  1974 d o l l a r s  o f  l o c a l  income generat ion. These 

b e n e f i t s  w i l l  s t imu la te  economic growth and w i l l  p rov ide  a  n e t  b e n e f i t  

l o c a l l y .  

11.5.3 SUMMARY BENEFIT-COST BALANCE 

The balance o f  b e n e f i t s  and costs has been evaluated f o r  two c o n s t i t u -  

encies o f  concern here - t h e  n a t i o n a l  and t h e  l o c a l .  Favorable balances 

toward ne t  b e n e f i t s  have been demonstrated i n  both cases. Because o f  

t h e  na ture  o f  t h i s  p lan t ,  a  q u a l i t a t i v e  eva lua t i on  o f  b e n e f i t s  and cos ts  

has been necessary. On t h e  n a t i o n a l  l e v e l ,  t h e  s i g n i f i c a n t  b e n e f i t s  

achievable i n  developing an op t i ona l  power generator  mode and t h e  import -  

ance o f  t h e  CRBRP t o  t h e  program f o r  a t t a i n i n g  t h a t  goal s t r o n g l y  outweigh 

the  pr imary na t i ona l  cos t  - the  economic cost .  I n  add i t i on ,  t he  l o c a l  

balance o f  b e n e f i t s  aga ins t  environmental  and s o c i a l  costs  weighs i n  

f a v o r  o f  t h e  p r o j e c t .  





12.0 ENVIRONMENTAL APPROVALS AND CONSIDERATIONS 

The CRBRP w i l l  be t i t l e d  i n  t he  Un i ted  States and b u i l t  on Government- 

owned land.  The p l a n t  i s  sub jec t  t o  t he  comprehensive and broad-scale 

environmental procedures and Federal and S ta te  consul t a t i o n  requirements 
of t he  Nat iona l  Environmental Pol i c y  A c t  o f  1969, 42 USC 4331 - e t  seq. 
(1970) (as implemented by E. 0. 11514 (3  C.F.R. 526 [1972]), t h e  

gu ide l i nes  of t h e  Counci l  on Environmental Q u a l i t y  (40 C.F.R. 1500 

[1973]) and O f f i c e  o f  Management and Budget C i r c u l a r s  A-78 and A-81, 

r e l a t i n g  t o  t h e  prevent ion,  c o n t r o l  and abatement o f  a i r  and water 

p o l l u t i o n  i n  Federal f a c i l i t i e s ,  as w e l l  as c e r t a i n  p rov i s i ons  o f  t he  

Clean A i r  Act, as amended, 42 USC 1857 and t h e  Federal Water P o l l u t i o n  

Contro l  Ac t  Amendments o f  1972 (P.L. 92-500), which r e l a t e  t o  t he  

a p p l i c a b i l i t y  o f  var ious  Federal, State, i n t e r s t a t e ,  o r  l o c a l  a i r  and 

water  q u a l i t y  standards. Cons is ten t  w i t h  E.O. 11752 t h e  p l a n t  w i l l  be 

designed, constructed, managed, operated and maintained i n  compliance 

w i t h  app l i cab le  subs tan t ive  standards and l i m i t a t i o n s  " t o  t he  same 

e x t e n t  t h a t  any person i s  sub jec t  t o  such standards and l i m i t a t i o n s  

and i n  f u l l  compliance w i t h  S ta te  and l o c a l  a u t h o r i t i e s "  r e l a t i n g  t o  

po l  1 u t i o n  abatement. Consis tent  w i t h  t h i s  approach, t h e  subs tan t ive  

requirements o f  Sec t ion  401 o f  t he  Federal Water P o l l u t i o n  Contro l  Ac t  

w i l l  be met. Table 12.0-1 conta ins a l i s t i n g  o f  sources f o r  app l i cab le  

Federal and S ta te  requirements. Gaseous and 1 i q u i d  e f f l u e n t s  w i l l  n o t  

a f f e c t  t h e  q u a l i t y  o f  t he  a i r  and waters, respec t i ve l y ,  o f  o t h e r  s ta tes .  

The Atomic Energy Comnission, under a u t h o r i t y  o f  t he  Atomic Energy Ac t  

o f  1954, as amended, has regu la to ry  a u t h o r i t y  over  t he  design, construc- 

t i o n  and opera t ion  o f  t he  f a c i l i t y .  This  Environmental Report  c o n s t i t u t e s  

a p o r t i o n  of t h e  a p p l i c a t i o n  f o r  a cons t ruc t i on  permi t  f o r  t h e  CRBRP. 

It i s  prepared and submitted i n  comp1,iance w i t h  10 C.F.R. 50 f o r  rev iew 

and ana l ys i s  by t h e  AEC. Cont ingent upon complet ion o f  t h i s  rev iew 

and the  r e c e i p t  o f  a cons t ruc t i on  permi t ,  an a p p l i c a t i o n  w i l l  be f i l e d  

f o r  an ope ra t i ng  l i c e n s e  i n  adherence t o  t he  appropr ia te  schedule. 





As w i t h  any p r o j e c t  o f  t h i s  magnitude, numerous contacts  have been made 

w i t h  l o c a l  and s t a t e  o f f i c i a l s  and agencies. I n  keeping w i t h  c u r r e n t  

p o l i c y  and p rac t i ce ,  c lose coo rd ina t i on  and cooperat ion w i t h  these 

o f f i c i a l s  and agencies w i l l  be malntained t o  i nsu re  t h a t  t he  p r o j e c t  i s  

implemented i n  accordance w i t h  appl i c a b l e  regu la t i ons  and recommended 

p rac t i ces .  

Agencies contacted p r i o r  , to September 1,1974 along w i t h  the dates o f  

such contacts  are l i s t e d  i n  Table 12.0-2. Each o f  these agencies were 

asked t o  comment on the  d r a f t  copies o f  the  CRBRP Environmental Report. 

T h e i r  comments were received and considered i n  t he  prepara t ion  o f  t he  

f i n a l  d r a f t  o f  t he  CRBRP Environmental Report. 



CONSTRUCTION 

LAND 
Federal  

S t a t e  

AIR - 

S t a t e  

WATER 

Federal  

Agency 

TABLE 12.0-1 

REQUIRED L ICENSES AND PERMITS 

Atomic Energy Commission 

Bureau o f  Environmental  
Hea l t h  Serv ices,  D i v i s i o n  
o f  S a n i t a t i o n  and S o l i d  
Waste Management 

Department o f  Labor 

Bureau o f  Env i  ronmental  
Hea l t h  Serv ices,  D i v i s i o n  
o f  A i r  P o l l u t i o n  Con t ro l  

Bureau o f  Environmental  
Hea l t h  Serv ices,  D i v i s i o n  
o f  A i r  P o l l u t i o n  Con t ro l  

U n i t e d  S ta tes  Army Corps 
o f  Engineers 

U n i t e d  S ta tes  Army Corps 
o f  Engineers 

Purpose o f  Approval 
S t a t u t o r y  and 
Legal A u t h o r i t y  

Pe rm i t  f o r  c o n s t r u c t i o n  Atomic Energy Ac t ,  1954, 
o f  CRBRP 10 CFR 50 

I 

R e g i s t r a t i o n  and approva l  Tennessee Code Annotated, 
o f  a  s o l i d  waste process ing Sec t i on  53-4301 e t .  seq. 
o r  d i sposa l  f a c i l i t y  o r  
s i t e  

Permi t  t o  c o n s t r u c t  an Tennessee Code Annotated, 
e l e v a t o r  Sec t i on  53-2608 

Permi t  f o r  open bu rn ing  o f  Tennessee Code Annotated, 
t r ees ,  l imbs and brush Sec t i on  53-3408 e t .  seq.; 
d u r i n g  c l e a r i n g  Tennessee A i r  Q u a l i t y  Act;  

Tennessee A i r  P o l l u t i o n  Con t ro l  
Regula t ions,  Chapter IV ,  
Sec t i on  3  

Tennessee Code Annotated, 
Sec t i on  53-3408 e t .  seq.; 
Tennessee A i r  Q u a l i t y  Act ;  
Tennessee A i r  P o l l u t i o n  Con t ro l  
Regula t ions,  Chapter I X ,  
Sec t i on  1 

Pe rm i t  t o  c o n s t r u c t  a i r  
emiss ion sources and/or 
a i r  p o l l u t i o n  c o n t r o l  
equipment 

Pe rm i t  t o  c o n s t r u c t  i n t a k e  R i v e r  and Harbor A c t  o f  
and d ischarge f a c i l i t i e s  March 3, 1899, Sec t i on  10 

(33 U.S.C. 403) 

Pe rm i t  t o  c o n s t r u c t  barge R i v e r  and Harbor A c t  o f  
f a c i l i t i e s  March 3, 1899, Sec t i on  10 

(33 U.S.C. 403) 

( C o n t i  nued) 



TABLE 12.0-1 (Continued) 

Agency 

WATER (Cont inued)  

S t a t u t o r y  and 
Purpose o f  Approval Leqal A u t h o r i t y  

Federal  Un i t ed  Sta tes  Army Corps Pe rm i t  t o  d ischarge dredge Federal  Water P o l l u t i o n  Con t ro l  
(Cont inued)  o f  Engineers o r  f i l l  m a t e r i a l  i n t o  Act,  as amended 1972, Sec- 

nav igab le  waters t i o n  404; P u b l i c  Law 92-500 
(33 U.S.C. 1151) 

Un i t ed  S ta tes  Army Corps 
o f  Engineers 

Tennessee V a l l e y  A u t h o r i t y  

Tennessee V a l l e y  Au tho r i  t y  

CONSTRUCTION AND OPERATION 

gNJ 

S t a t e  Department o f  Labor 

AIR 

Federal  Federal  A v i a t i o n  Agency 

Federal  Communi c a t i  ons 
Commission 

Permi t  f o r  temporary work 
done i n  waterway such as 
d r i l l i n g ,  dredg ing o r  
temporary p ipes 

Cons t ruc t i on  o f  i n t a k e  and 
d ischarge s t r u c t u r e s  and 
barge f a c i l i t i e s  

Temporary s t r u c t u r e s  below 
maximum shore1 i n e  contours  

R i v e r  and Harbor Ac t  o f  
March 3, 1899, Sec t i on  10 
(33 U.S.C. 403) 

Sect ion 26a o f  t h e  Tennessee 
V a l l e y  A u t h o r i t y  Act  o f  1933, 
as amended (49 s t a t .  1079, 
16 U.S.C. Sec. 831y-1) 

Sec t i on  26a o f  t h e  Tennessee 
V a l l e y  A u t h o r i t y  Ac t  o f  1933, 
as amended (49 s t a t .  1079, 
16 U.S.C. Sec. 831y-1) 

Pe rm i t  t o  operate  any Tennessee Code Annotated, 
e l eva to r ,  e s c a l a t o r  o r  Sec t i on  53-2607 
dumbwaiter 

Permi t  f o r  t a l l  s t r u c -  Federal  A v i a t i o n  Regu la t i on  77 
t u res  - necessary f o r  any 14 CFR 77.1 e t .  seq. 
s t r u c t u r e s  200 f e e t  o r  more 
aboveground o r  any s t r u c t u r e  
rep resen t i ng  sudden e l e -  
v a t i o n  change ( c o o l i n g  
towers - me teo ro log i ca l  
t ower )  

Pe rm i t  f o r  r a d i o  t r a n s m i t -  47 CFR 17.7 e t .  
t e r s  and assoc ia ted  towers 47 U.S.C. 3 0 r  

(Conti  nued) 



TABLE 12.0-1 ( C o n t i n u e d )  

WATER 

Federal 

S t a t e  

Agency 

United S ta tes  Coast Guard 

Environmental Protect ion 
Agency 

Bureau of Environmental 
Health Services,  Oivision 
of Water Quality Control 

Department of Conservation 

Bureau of Environmental 
Health Service,  Oivision 
of Occupational and 
Radiological Health 

Bureau of Environmental 
Health Services,  Oivision 
of Water Qua l i ty  Control 
and Oivision of Sani tary 
Engineering 

Bureau of Environmental 
Health Services,  Oivision 
of Water Q u a l i t y  Control 
and Oivision of Sani tary 
Engineering 

S ta tu to ry  and 
Purpose of Approval Legal Authority 

Permit f o r  l i g h t s  used on U.S. Coast Guard, T i t l e  33 CFR, 
s t r u c t u r e s  near the navi- Chapter 1 ,  Par t  66.01-1 through 
gation channel such as  the  66.01-55, (43 U.S.C. 1333) 
barge faci  1 i t i e s  

Permit t o  discharge under Federal Water Pol lut ion Control 
the National Pol lutant  Act, as amended 1972; Public 
Discharge Elimination Law 92-500 (33 U.S.C. 1251 n t )  
System (N.P.O.E.S.) 40 CFR 125 

Cer t i f i ca t ion  t h a t  the  Federal Water Pol lut ion Control 
project  wil l  comply with Act as amended by Water qua l i ty  
appl icable  water qua l i ty  Improvement Act of 1970, Sec- 
standards t ion  21b, 33 U.S.C. 1151 e t .  seq. 

a t  1171 (b ) .  Tennessee Water 
Qua1 i ty  Control Act of 1971, 
Section 70-334 (Tennessee Code 
Annotated, Section 70-324 e t .  seq. ) 

Permit f o r  withdrawal of Tennessee Code Annotated, 
50,000 o r  more gal lons of Section 70-2005 
water per  day - water use 

Approval f o r  plans f o r  Tennessee Code Annotated, 
potable water Sections 53-2002 and 53-2008 

Pemi t f o r  construct ion Tennessee Code Annotated, 
and operation of  a sewage Section 70-324 e t .  seq. ;  
sys tem Water Q u a l i t y  Control Act of 

1971, Section 70-330 

Permit f o r  any waste not Tennessee Code Annotated, 
discharged in to  a sewage Section 70-324 e t .  seq. ;  
system - includes e f f l u e n t  Water Qua l i ty  Control Act of 
discharges,  construct ion 1971 , Section 70-330 
of treatment works o r  new 
o u t l e t s  f o r  waste discharges 

( C o n t i n u e d )  



OPERATION 

AIR 

S t a t e  

WATER 

S t a t e  

Agency 

TABLE 12.0-1 (Continued) 

Bureau o f  Env i ronmenta l  
H e a l t h  S e r v i c e s ,  D i v i s i o n  
o f  A i r  P o l l u t i o n  C o n t r o l  

Purpose o f  Approva l  

P e m i  t t o  o p e r a t e  a i r  
e m i s s i o n  sources and/or  
a i r  p o l l u t i o n  c o n t r o l  
equipment 

S t a t u t o r v  and 
Lega l  A u t h o r i t y  

Tennessee Code Annotated, 
S e c t i o n  53-3408 e t .  seq.; 
Tennessee A i r  Q u a l i t y  A c t ;  
Tennessee A i r  P o l l u t i o n  C o n t r o l  
R e g u l a t i o n s ,  Chapter  I X ,  
S e c t i o n  2  

Bureau o f  Env i ronmenta l  P e r m i t  t o  d i s c h a r g e  Tennessee Code Annotated, 
H e a l t h  S e r v i c e s ,  D i v i s i o n  e f f l u e n t s  i n t o  t h e  r i v e r  S e c t i o n  53-3306 
o f  Occupat iona l  and f r o m  r a d i a t i o n  sources 
R a d i o l o g i c a l  H e a l t h  

RADIOACTIVE MATERIALS 

Federa l  Atomic Energy Commission 

Atomic Energy Commission 

Atomic Energy Commission 

Department o f  T r a n s p o r t a t i o n  

Department o f  T r a n s p o r t a t i o n  

S t a t e  Bureau o f  Env i ronmenta l  
H e a l t h  S e r v i c e ,  D i v i s i o n  
o f  Occupat iona l  and 
R a d i o l o g i c a l  H e a l t h  

L i c e n s e  f o r  source  m a t e r i a l  
n o t  covered by  t h e  p l a n t  
O p e r a t i n g  L i c e n s e  

L i c e n s e  f o r  s p e c i a l  n u c l e a r  
m a t e r i a l  n o t  covered by  t h e  
p l a n t  O p e r a t i n g  L i c e n s e  

L i c e n s e  f o r  b y - p r o d u c t  
m a t e r i a l  

T r a n s p o r t a t i o n  o f  r a d i o -  
a c t i v e  m a t e r i a l s  

P e r m i t  f o r .  t r a n s p o r t a t i o n  
o f  m e t a l l i c  sodium 

P e r m i t  f o r  possess ion ,  use 
and s t o r a g e  o f  r a d i a t i o n  
sources .  A l s o  manufac ture  
o r  d i s p o s a l .  

Atomic Energy A c t  1954, as amended, 
1 0  CFR 40 

Atomic 
10  CFR 

Energy 
70 

A c t  1954, as amended, 

Atomic Energy A c t  1954, as amended, 
10  CFR 31 

R e g u l a t i o n s  on t r a n s p o r t a t i o n  o f  
hazardous m a t e r i a l s  
49 CFR 173.389 

R e g u l a t i o n s  on t r a n s p o r t a t i o n  o f  
hazardous m a t e r i a l s  
49 CFR 173.206 

Tennessee Code Annotated, 
S e c t i o n  53-3306 ( 

(Conti  nued) 



OTHER PERMITS 

Federal 

S t a t e  

Agency 

TABLE 12 .O-1 (Con t inued)  

Purpose o f  Approval 
S t a t u t o r y  and 
Leqal A u t h o r i t y  

Atomic Energy Comnission Operat ing l i c e n s e  t o  load  Atomic Energy Ac t  1954, 
f u e l  and t o  opera te  the 10 CFR 50 
CRBRP 

Atomic Energy Commission Reactor Operator  L icense Atomic Energy A c t  1954, 
as amended, 10 CFR 55 

Department o f  P u b l i c  Hea l th  License t o  operate a Tennessee Code Annotated, 
medical l a b o r a t o r y  Sec t ion  53-41 11 



TABLE 12.0-2 

AGENCY CONTACTS 

Date Agency Discussion 

March 13 ,I 974 S ta te  o f  Tennessee, O f f i c e  Discussion o f  t h e  S ta te  o f  Tennessee's 
o f  Urban and Federal A f f a i r s ,  rev iew o f  t he  CRBRP-ER. This  agency i s  
Nashvi l  l e y  Tennessee respons ib le  f o r  coo rd ina t i ng  a1 1  comments 

from Sta te  departments. 

March 13 ,I 974 Tennessee Department o f  Discussion o f  environmental  issues which 
Pub1 i c  Heal t h y  Nashvi l  l e y  should be addressed i n  the  ER as w e l l  as 
Tennessee environmental mon i to r ing  programs which 

are planned f o r  the Demonstration P lan t  
P ro jec t .  

March 14 ,I 974 TVA, Knoxvi 1  l e y  Tennessee Discussion o f  requirements f o r  cons t ruc t i on  
p r a c t i c e s  i n  o rde r  t o  minimize environmen- 
t a l  impact.  

March 14 ,I 974 City O f f i c i a l s ,  Oak Ridge, 
Tennessee 

March 14 ,I 974 Roane County O f f  i c i  a1 s  , 
Kingston, Tennessee 

March 14 ,I 974 East Tennessee Development 
D i s t r i c t ,  Knoxv i l l e ,  
Tennessee 

Discussion o f  cons t ruc t i on  a c t i v i t i e s  and 
t h e i r  r e l a t e d  soc ia l  impact. 

Discussion o f  the  rev iew procedure o f  t he  
CRBRP-ER. Di scussion o f  1  ocal , c i  ty and 
county codes, r e g u l a t i o n s  and requirements 
app l i cab le  t o  the  CRBRP, as we1 1  as soc ia l  
impacts r e l a t e d  t o  t he  Demonstration P lan t  
P ro jec t .  

(Continued) 
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14.1 APPENDIX TO SECTION 2.5 



APPENDIX TO SECTION 2.5 

GENERAL WATER QUALITY CRITERIA FOR THE DEFINITION AND CONTROL OF 

POLLUTION I N  THE WATERS OF TENNESSEE 

Adopted on October 26, 1971 
Amended on December 14, 1971 , and October 30, 1973 

Tennessee Water Q u a l i t y  Control  Board 

The Water Q u a l i t y  Control  Ac t  o f  1971, Sect ion 70-324 t h r u  Sect ion 70-342, 
Tennessee Code Annotated, makes i t  the  duty  o f  the  Water Q u a l i t y  Contro l  
Board t o  study and i n v e s t i g a t e  a1 1 problems concerned w i t h  the  p o l l u t i o n  
o f  the waters o f  the  Sta te  and w i t h  i t s  prevent ion, abatement, and con- 
t r o l  and t o  e s t a b l i s h  such standards o f  q u a l i t y  f o r  any waters o f  t he  
Sta te  i n  r e l a t i o n  t o  t h e i r  reasonable and necessary use as the  Board 
s h a l l  deem t o  be i n  the  p u b l i c  i n t e r e s t  and e s t a b l i s h  general p o l i c i e s  
r e l a t i n g  t o  e x i s t i n g  o r  proposed f u t u r e  p o l l u t i o n  as the  Board s h a l l  
deem necessary t o  accomplish the  purpose o f  the Control  Act .  The f o l l o w -  
i n g  general considerat ions and c r i t e r i a  a re  o f f i c i a l l y  adopted by the  
Board as a guide i n  determining the  permiss ib le  cond i t ions  o f  waters w i t h  

\ respect  t o  p o l l u t i o n  and the  prevent ive  o r  c o r r e c t i v e  measures requ i red  
t o  c o n t r o l  p o l l u t i o n  i n  var ious waters o r  i n  d i f f e r e n t  sect ions o f  the  
same waters. 

GENERAL CONS T DERATIOIVS 

1. Waters have many uses which i n  the  p u b l i c  i n t e r e s t  a re  reasonable 
and necessary. Such uses inc lude:  sources o f  water supply f o r  
domestic and i n d u s t r i a l  purposes; propagation and maintenance o f  
f i s h  and o the r  des i rab le  aquat ic  l i f e ;  rec rea t i ona l  boat ing and 
f i sh ing ;  the  f i n a l  d isposal  o f  municipal sewage and i n d u s t r i a l  
waste f o l l o w i n g  adequate treatment; stock water ing and i r r i g a t i o n ;  
navigat ion;  generat ion o f  power; and the  enjoyment o f  scenic and 
e s t h e t i c  q u a l i t i e s  o f  the  waters. 

The r i g i d  a p p l i c a t i o n  o f  uni forn i  water q u a l i t y  i s  n o t  des i rab le  
o r  reasonable because o f  t h e  vary ing  uses o f  such waters. The 
a s s i m i l a t i v e  capac i ty  o f  a stream f o r  sewage and waste va r ies  
depending upon var ious f a c t o r s  i n c l u d i n g  t h e  fo l l ow ing :  volume 
o f  f low, depth o f  channel, t he  presence o f  f a l l s  o r  rapids,  r a t e  
o f  f low, temperature, na tu ra l  c h a r a c t e r i s t i c s ,  and the  na ture  of 
the  stream. Also the  r e l a t i v e  importance assigned t o  each use 
w i l l  d i f f e r  f o r  d i f f e r e n t  waters and sect ions o f  waters through- 
o u t  the  stream. 



To permi t  reasonable and necessary uses o f  t he  waters o f  t h e  
State, e x i s t i n g  po l  1  u t i o n  should be co r rec ted  as r a p i d l y  as 
p r a c t i c a l  and f u t u r e  p o l l u t i o n  c o n t r o l l e d  by t reatment  p l a n t s  
o r  o the r  measures. There i s  an economical balance between t h e  
cos t  o f  sewage and waste t reatment  and the  b e n e f i t s  received.  
Wi th in  permiss ib le  l i m i t s ,  the  d i l u t i o n  f a c t o r  and t h e  ass imi-  
l a t i v e  capac i ty  o f  sur face  water should be u t i l i z e d .  Waste 
recovery, c o n t r o l  o f  r a t e s  and d ispers ion  o f  waste i n t o  t he  
streams, and c o n t r o l  o f  r a t e s  and c h a r a c t e r i s t i c s  o f  f l o w  o f  
waters i n  t he  stream where adequate, w i l l  be considered t o  be 
a  means o f  co r rec t i on .  

4. Sewage, i n d u s t r i a l  wastes, o r  o the r  wastes, as de f ined  i n  The 
Water Q u a l i t y  Contro l  Act  o f  1971, Sect ion 70-324 t h r u  Sect ion 
70-342, Tenneseee Code Annotated, s h a l l  no t  be discharged i n t o  
o r  ad jacent  t o  streams o r  o t h e r  sur face  waters i n  such q u a n t i t y  
and o f  such character  o r  under such cond i t i ons  o f  discharge i n  
r e l a t i o n  t o  t h e  r e c e i v i n g  waters as w i l l  r e s u l t  i n  v i s u a l  o r  
o l f a c t o r y  nuisances, undue i n t e r f e r e n c e  t o  o t h e r  reasonable and 
necessary uses o f  the  water, o r  apprec iable damage t o  t h e  
na tu ra l  processes o f  se l  f - p u r i f i c a t i o n .  I n  r e l a t i o n  t o  t h e  
var ious  q u a l i t i e s  and t h e  s p e c i f i c  uses o f  t he  r e c e i v i n g  waters, 
no sewage, i n d u s t r i a l  wastes, o r  o the r  wastes discharged s h a l l  
be respons ib le  f o r  cond i t i ons  t h a t  f a i l  t o  meet t h e  c r i t e r i a  
o f  water q u a l i t y  o u t l i n e d  below. Bypassing o r  acc identa l  s p i l l s  
w i l l  no t  be to le ra ted .  

The c r i t e r i a  o f  water q u a l i t y  o u t l i n e d  below are  considered as 
guides i n  app ly ing  t h e  water q u a l i t y  o b j e c t i v e s  i n  o rder  t o  
i nsu re  reasonable and necessary uses o f  t he  waters o f  t he  Sta te .  
I n  o rder  t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and main ta in  t h e  water 
s u i t a b l e  f o r  o t h e r  reasonable and necessary uses; t o  p rov ide  
f o r  f u t u r e  development; t o  a l l o w  proper shar ing o f  a v a i l a b l e  
water resources; and t o  meet t h e  needs o f  p a r t i c u l a r  s i t u a t i o n s ,  
a d d i t i o n a l  c r i t e r i a  w i l l  be se t .  

CRITERIA OF WATER CONDITIONS 

1. Domestic Raw Water Supply 

( a )  Dissolved Oxygen - There s h a l l  always be s u f f i c i e n t  d i s -  
solved oxygen present  t o  prevent  odors o f  decomposit ion 
and o the r  o f f e n s i v e  condi t ions.  

(b )  pH - The pH value s h a l l  l i e  w i t h i n  t h e  range o f  6.0 t o  9.0 
and s h a l l  n o t  f l u c t u a t e  more than 1.0 u n i t  i n  t h i s  range 
over  a  pe r i od  o f  24 hours. 



Hardness o r  Mineral  Compounds - There s h a l l  be no substances 
added t o  t h e  waters t h a t  w i l l  increase t h e  hardness o r  min- 
e r a l  content  o f  the  waters t o  such an ex ten t  t o  appreciably  
impa i r  t h e  usefulness o f  t h e  water as a  source o f  domestic 
water supply. 

To ta l  Dissolved So l ids  - The t o t a l  d isso lved s o l i d s  s h a l l  
a t  no t ime exceed 500 mg/l . 
Sol ids,  F l o a t i n g  Ma te r ia l s  and Deposits - There s h a l l  be no 
d i s t i n c t l y  v i s i b l e  so l i ds ,  scum, foam, o i l y  sleek, o r  t he  
format ion o f  sl imes, bottom deposi ts  o r  sludge banks o f  such 
s i z e  o r  character  as may impa i r  t he  usefulness o f  the  water 
as a  source o f  domestic water  supply. 

T u r b i d i t y  o r  Color - There s h a l l  be no t u r b i d i t y  o r  c o l o r  
added i n  amounts o r  c h a r a c t e r i s t i c s  t h a t  can n o t  be reduced 
t o  acceptable concentrat ions by convent ional water treatment 
processes. 

Temperature - The maximum water temperature change s h a l l  n o t  
exceed 3C0 r e l a t i v e  t o  an upstream c o n t r o l  po in t .  The temp- 
e ra tu re  of t h e  water s h a l l  n o t  exceed 30.5"C and the  maximum 
r a t e  of change s h a l l  n o t  exceed 2C0 per hour. The tempera- 
t u r e  of impoundments where s t r a t i f i c a t i o n  occurs w i l l  be 
measured a t  a  depth o f  5  fee t ,  o r  mid-depth whichever i s  
less,  and the  temperature i n  f l ow ing  streams s h a l l  be mea- 
sured a t  mid-depth. 

Co l i f o rm - The concent ra t ion  o f  t h e  feca l  c o l i f o r m  group 
s h a l l  n o t  exceed 1,000 per 100 m l .  as the  l oga r i t hm ic  mean 
based on a  minimum o f  10 sarr~ples co l  l e c t e d  from a  g iven 
sampling s i t e  over a  pe r iod  o f  no t  more than 30 consecut ive 
days w i t h  i n d i v i d u a l  sarr~pl es being c o l  l ec ted  a t  i n t e r v a l s  
of n o t  l e s s  than 12 hours. I n  add i t i on ,  t he  concent ra t ion  
o f  t he  feca l  c o l i f o r m  group i n  any i n d i v i d u a l  sample s h a l l  
no t  exceed 5,000 per  100 m l .  

Taste o r  Odor - There s h a l l  be no substances added which 
w i l l  r e s u l t  i n  t a s t e  o r  odor t h a t  prevent  t h e  product ion 
of po tab le  water by convent ional water t reatment  processes. 

Toxic Substances - There s h a l l  be no t o x i c  substances added 
t o  the  waters t h a t  w i l l  produce t o x i c  cond i t ions  t h a t  
m a t e r i a l l y  a f f e c t  man o r  animals o r  impa i r  t he  safety. o f  a  
convent iona l ly  t rea ted  water supply. 

Other Po l l u tan ts  - Other p o l l u t a n t s  s h a l l  n o t  be added t o  
the  water i n  q u a n t i t i e s  t h a t  may be det r imenta l  t o  pub1 i c  
hea l th  o r  impa i r  t h e  usefulness o f  t he  water as a  source 
of domestic water supply. 



2. I n d u s t r i a l  Water Supply 

Dissolved Oxygen - There s h a l l  always be s u f f i c i e n t  d i s -  
solved oxygen present  t o  prevent  odors o f  decomposit ion 
and o t h e r  o f f e n s i v e  cond i t ions .  

pH - The pH va lue  s h a l l  l i e  w i t h i n  t he  range o f  6.0 t o  9.0 
and s h a l l  n o t  f l u c t u a t e  more than 1.0 u n i t  i n  t h i s  range 
over a p e r i o d  o f  24 hours. 

Hardness o r  Minera l  Compounds - There s h a l l  be no substances 
added t o  t h e  waters t h a t  w i l l  increase t h e  hardness o r  
minera l  content  o f  t h e  waters t o  such an ex ten t  as t o  appre- 
c i a b l y  -impair t he  usefulness o f  t h e  water  as a source o f  
i n d u s t r i a l  water  supply.  

To ta l  Dissolved So l i ds  - The t o t a l  d i sso l ved  s o l i d s  s h a l l  a t  
no t ime exceed 500 mg/l. 

Sol ids,  F l o a t i n g  Ma te r i a l s  and Deposits - There s h a l l  be no 
d i s t i n c t l y  v i s i b l e  so l i ds ,  scum, foam, o i l y  s leek,  o r  t h e  
format ion o f  s l  -imes, bottoni deposi ts  o r  s ludge banks o f  such 
s i z e  o r  charac ter  as may impa i r  the  usefulness o f  t he  water 
as a source o f  i n d u s t r i a l  water supply. 

T u r b i d i t y  o r  Color  - There s h a l l  be no t u r b i d i t y  o r  c o l o r  
added i n  amounts o r  c h a r a c t e r i s t i c s  t h a t  can n o t  be reduced 
t o  acceptable concentrat ions by convent ional water t reatment  
processes. 

Temperature - The maximum water  temperature change s h a l l  n o t  
exceed 3C0 r e l a t i v e  t o  an upstream c o n t r o l  p o i n t .  The temp- 
e ra tu re  o f  t h e  water s h a l l  n o t  exceed 30.5"C and the  maximum 
r a t e  o f  change s h a l l  n o t  exceed 2C0 per  hour. The tempera- 
t u r e  o f  impoundments where s t r a t i f i c a t i o n  occurs w i l l  be mea- 
sured a t  a depth o f  5 f ee t ,  o r  mid-depth whichever i s  less ,  
and the  temperature i n  f l ow ing  streams s h a l l  be measured a t  
mid-depth. 

Taste o r  Odor - 'There s h a l l  be no substances added t h a t  w i l l  
r e s u l t  i n  t as tes  o r  odor t h a t  would prevent  t h e  use o f  t h e  
water f o r  i n d u s t r i a l  processing. 

Toxic Substances - There s h a l l  be no substances added t o  the  
waters t h a t  may produce t o x i c  cond i t i ons  t h a t  w i l l  adversely  
a f f e c t  t h e  water f o r  i n d u s t r i a l  processing. 

Other P o l l u t a n t s  - Other p o l l u t a n t s  s h a l l  n o t  be added t o  
the  waters i n  q u a n t i t i e s  t h a t  may adversely  a f f e c t  t he  water 
f o r  i n d u s t r i a l  processing. 



3. F i sh  and Aquat ic  L i f e .  

(a )  Dissolved Oxygen - The d isso lved  oxygen s h a l l  be a  minimum 
o f  5.0 mg/l except i n  l i m i t e d  sec t ions  of streams where 
( i )  present  technology cannot r e s t o r e  t h e  water q u a l i t y  t o  
the des i red  minimum o f  5.0 mg/l d isso lved  oxygen, ( i i )  t h e  
cos t  o f  meeting the  standards i s  economical ly p r o h i b i t i v e  
when compared w i t h  t he  expected benef i t s  t o  be obtained, 
o r  ( i  i i ) t h e  n a t u r a l  qua1 i t i e s  of t h e  water  a re  l e s s  than 
the  des i red  minimum o f  5.0 mg/l . Such except ions s h a l l  be 
determined on an i n d i v i d u a l  bas is  b u t  i n  no ins tance s h a l l  
the  d isso lved  oxygen concent ra t ion  be l e s s  than 3.0 mg/l. 
The d isso lved  oxygen concent ra t ion  s h a l l  be measured a t  
mid-depth i n  waters having a  t o t a l  depth of t e n  (10) f e e t  
o r  l e s s  and a t  a  depth o f  f i v e  (5 )  f e e t  i n  waters having 
a  t o t a l  depth o f  g rea te r  than t e n  (10) feet.  The d isso lved  
oxygen concent ra t ion  o f  recognized t r o u t  streams s h a l l  n o t  
be l e s s  than 6.0 mg/l. 

(b )  pH - The pH value s h a l l  l i e  w i t h i n  t h e  range o f  6.5 t o  8.5 
and s h a l l  n o t  f l u c t u a t e  more than 1.0 u n i t  i n  t h i s  range 
over a  pe r i od  o f  24 hours. 

( c )  Sol ids,  F l o a t i n g  M a t e r i a l s  and Deposits - 'There s h a l l  be 
no d i s t i n c t l y  v i s i b l e  s o l i d s ,  scum, foam, o i l y  s leek, o r  
the fo rmat ion  o f  s l imes, bottom depos i ts  o r  s,ludge banks 
o f  such s i z e  o r  charac ter  t h a t  may be de t r imenta l  t o  f i s h  
and aquat ic  l i f e .  

(d )  T u r b i d i t y  o r  Color  - There s h a l l  be no t u r b i d i t y  o r  c o l o r  
added i n  such amounts o r  o f  such charac ter  t h a t  w i l l  
m a t e r i a l l y  a f f e c t  f i s h  and aquat ic  l i f e .  

(e )  Temperature - The maximum water  temperature change s h a l l  
n o t  exceed 3C0 r e l a t i v e  t o  an upstream c o n t r o l  p o i n t .  The 
temperature o f  t h e  water  s h a l l  n o t  exceed 30.5"C and the  
maximum r a t e  of change s h a l l  n o t  exceed 2C0 per  hour. The 
temperature o f  recognized t r o u t  waters s h a l l  n o t  exceed 
20°C. There s h a l l  be no abnormal temperature changes t h a t  
may a f f e c t  aquat ic  l i f e  unless caused by n a t u r a l  cond i t ions .  
The temperature o f  impoundments where s t r a t i f i c a t i o n  occurs 
w i l l  be measured a t  a  depth o f  5  f e e t ,  o r  mid-depth which- 
ever i s  l ess ,  and the  terrlperature i n  f l o w i n g  streams s h a l l  
be measured a t  mid-depth. 

( f )  Taste o r  Odor - There s h a l l  be no substances added t h a t  w i l l  
impar t  unpalatable f l a v o r  t o  f i s h  o r  r e s u l t  i n  no t i ceab le  
o f f e n s i v e  odors i n  t he  v i c i n i t y  o f  t h e  water o r  otherwise 
i n t e r f e r e  w i t h  f i s h  o r  aquat ic  l i f e .  



(g) Toxic Substances - There s h a l l  be no substances added t o  
the  waters t h a t  w i l l  produce t o x i c  cond i t ions  t h a t  a f f e c t  
f i s h  o r  aquat ic  l i f e .  

(h )  Other P o l l u t a n t s  - Other p o l l u t a n t s  s h a l l  no t  be added t o  
the  waters t h a t  w i l l  be de t r imenta l  t o  f i s h  o r  aquat ic  l i f e .  

( i )  Col i f o r m  - The concentrat ion o f  t he  feca l  co l  i f o r m  group 
s h a l l  n o t  exceed 1,000 per  100 m l  . as the  l o g a r i  t t ~n i i c  wean 
based on a minimum o f  10 samples c o l l e c t e d  from a g iven 
sampling s i t e  over a per iod  o f  n o t  more than 30 consecut ive 
days w i t h  i n d i v i d u a l  samples being co l  l e c t e d  a t  i n t e r v a l s  
o r  n o t  l e s s  than 12 hours. In add i t i on ,  the  concentrat ion 
o f  t he  feca l  c o l i f o r m  group i n  any i n d i v i d u a l  sample s h a l l  
n o t  exceed 5,000 per 100 m l  . 

4. Recreation. 

(a )  Dissolved Oxygen - There s h a l l  always be s u f f i c i e n t  d i s -  
so l  ved oxygen present t o  prevent odors o f  decomposit ion 
and o the r  o f f e n s i v e  condi t ions.  

(b )  pH - The pH value s h a l l  l i e  w i t h i n  the  range o f  6.0 t o  9.0 
and s h a l l  no t  f l u c t u a t e  more than 1.0 u n i t  i n  t h i s  range 
over a per iod  o f  24 hours. 

( c )  Sol ids ,  F l o a t i n g  Ma te r ia l s  and Deposits - There s h a l l  be 
no d i s t i n c t l y  v i s i b l e  so l ids ,  scum, foam, o i l y  sleek, o r  
the  format ion o f  s l  imes, bottom deposi ts  o r  sludge banks 
o f  such s i z e  o r  character  t h a t  may be det r imenta l  t o  
recreat ion .  

(d )  T u r b i d i t y  o r  Color  - There s h a l l  be no t u r b i d i t y  o r  c o l o r  
added i n  such amounts o r  charac ter  t h a t  w i l l  r e s u l t  i n  
any ob jec t ionab le  appearance t o  the  water. 

(e )  Temperature - The maxirnum water temperature change s h a l l  
no t  exceed 3C0 r e l a t i v e  t o  an upstream c o n t r o l  po in t .  The 
temperature o f  the  water s h a l l  n o t  exceed 30.5"C and the  
maximum r a t e  o f  change s h a l l  n o t  exceed 2C0 per  hour. The 
temperature o f  impoundments where s t r a t i f i c a t i o n  occurs 
w i l l  be measured a t  a depth o f  5 fee t ,  o r  mid-depth which- 
ever i s  less,  and the  t e m p e r a t ~ ~ r e  i n  f l ow ing  streams s h a l l  
-be measured a t  mid-depth. 



( f )  Co l i fo rm - The concentrat ion o f  t he  feca l  c o l i f o r m  group 
s h a l l  n o t  exceed 200 per  100 rr11 . as the  l oga r i t hm ic  mean 
based on a  minimum o f  10 samples c o l l e c t e d  from a  g iven 
sampling s i t e  over a  per iod  o f  n o t  more than 30 consecut ive 
days w i t h  i n d i v i d u a l  samples being c o l l e c t e d  a t  i n t e r v a l s  
of n o t  l ess  than 12 hours. I n  add i t i on ,  the  concentrat ion 
of the  feca l  c o l i f o r m  group i n  any i n d i v i d u a l  sample s h a l l  
n o t  exceed 1,000 per 100 m l .  Water areas i n  the  v i c i n i t y  
o f  domestic wastewater t reatment  p l a n t  o u t f a l l s  a re  no t  
considered s u i t a b l e  f o r  body contac t  rec rea t i ona l  purposes. 

(g )  Taste o r  Odor - There s h a l l  be no substances added t h a t  w i l l  
r e s u l t  i n  ob jec t ionab le  t a s t e  o r  odor. 

(h )  Toxic Substances - There s h a l l  be no substances added t o  
the  water t h a t  w i l l  produce t o x i c  cond i t ions  t h a t  a f f e c t  
man o r  animal. 

( i )  Other Po l l u tan ts  - Other p o l l u t a n t s  s h a l l  n o t  be added t o  
the  water i n  q ~ r a n t i  t i e s  which may have a  de t r imenta l  - e f f e c t  
on recreat ion .  

5. I r r i g a t i o n .  

(a )  Dissolved Oxygen - There s h a l l  always be s u f f i c i e n t  d i s -  
solved oxygen present t o  prevent odors o f  decomposition 
and o the r  o f f e n s i v e  cond i t ions .  

(b )  pH - The pH value s h a l l  1  i e  w i t h i n  the  range o f  6.0 t o  9.0 
and s h a l l  n o t  f l u c t u a t e  more than 1.0 u n i t  i n  t h i s  range 
over a  per iod  o f  24 hours. 

( c )  Hardness o r  Mineral  Compounds - There s h a l l  be no substances 
added t o  the  water t h a t  w i  11 increase the  minera l  content  
t o  such an ex ten t  as t o  impa i r  i t s  use f o r  i r r i g a t i o n .  

(d )  Sol ids,  F l o a t i n g  Ma te r ia l s  and Deposits - There s h a l l  be 
no d i s t i n c t l y  v i s i b l e  so l i ds ,  scum, foam, o i l y  sleek, o r  
t he  format ion o f  sl imes, bottom deposi ts  o r  sludge banks 
o f  such s i z e  o r  character  as may impa i r  t he  usefulness o f  
the  water f o r  i r r i g a t i o n  purposes. 

(e )  Temperature - The temperature o f  the  water s h a l l  no t  be 
ra i sed  o r  lowered t o  such an ex ten t  as t o  i n t e r f e r e  w i t h  
i t s  use f o r  i r r i g a t i o n  purposes. 

( f )  Toxic  Substances - There s h a l l  be no substances added t o  
water t h a t  w i l l  produce t o x i c  cond i t i ons  t h a t  w i l l  a f f e c t  
the  water f o r  i r r i g a t i o n .  



(g) Other Po l l u tan ts  - Other pol  l u t a n t s  s h a l l  no t  be added t o  
the  water i n  q u a n t i t i e s  which may be detr imental  t o  the  
waters used f o r  i r r i g a t i o n .  

6. L ivestock Watering and W i l d l i f e .  

(a)  Dissolved Oxygen - There s h a l l  always be s u f f i c i e n t  d i s -  
solved oxygen present t o  prevent odors of decomposition 
and o ther  offensive cond i t ions  . 

(b) pH - The pH value s h a l l  l i e  w i t h i n  the  range of 6.0 t o  9.0 
and s h a l l  no t  f l uc tua te  more than 1.0 u n i t  i n  t h i s  range 
over a per iod  of 24 hours. 

(c )  Hardness o r  M-ineral Conipounds - There s h a l l  be no substances 
added t o  water t h a t  w i l l  increase the  mineral content  t o  
such an ex ten t  as t o  impa i r  i t s  use f o r  l i v e s t o c k  watering 
and w i l d l i f e .  

(d) Sol ids,  F loa t i ng  Ma te r ia l s  and Deposits - There s h a l l  be 
no d i s t i n c t l y  v i s i b l e  so l ids ,  scum, foam, o i l y  sleek, o r  
the  formation of s l  imes, bottom deposi ts  o r  sludge banks 
of such s i z e  o r  character  as t o  i n t e r f e r e  w i t h  l i v e s t o c k  
watering and w i l d l  i f e .  

(e)  Temperature - The temperature o f  t he  water s h a l l  n o t  be 
ra i sed  o r  lowered t o  such an ex ten t  as t o  i n t e r f e r e  w i t h  
i t s  use fo r  1 ives tock  water ing and w i l d l  i f e .  

( f )  Toxic Substances - 'There s h a l l  be no substances added t o  
water t h a t  w i l l  produce t o x i c  cond i t ions  t h a t  w i l l  a f f e c t  
the water f o r  l i v e s t o c k  water ing and w i l d l i f e .  

(g) Other Po l l u tan ts  - Other p o l l u t a n t s  s h a l l  no t  be added t o  
the  water i n  q u a n t i t i e s  which may be detr imental  t o  the  
water f o r  1 ives tock  water ing and w i l d l i f e .  

7.  Navigat ion. 

(a) Dissolved Oxygen - There s h a l l  always be s u f f i c i e n t  d i s -  
solved oxyten present t o  prevent odors o f  decomposition 
and o ther  offensive condi t ions.  

(b)  Hardness o r  Mineral Compounds - There s h a l l  be no substances 
added t o  the  water t h a t  w i  11 increase the  mineral  content  
t o  such an ex ten t  as t o  impa i r  i t s  use f o r  navigat ion.  



( c )  Sol ids,  F loa t i ng  Mater ia ls  and Deposits - There s h a l l  be 
no d i s t i n c t l y  v i s i b l e  so l ids ,  scum, foam, o i l y  sleek, 
o r  t he  format ion o f  sl imes, bottom deposi ts  o r  sludge 
banks o f  such s i z e  o r  character  as t o  i n t e r f e r e  w i t h  
navigat ion.  

(d)  Temperature - The temperature o f  t he  water s h a l l  no t  be 
ra i sed  o r  lowered t o  such an ex ten t  as t o  i n t e r f e r e  w i t h  
i t s  use f o r  nav igat ion  purposes. 

(e)  Toxic Substances - There s h a l l  be no substances added t o  
water t h a t  w i l l  produce t o x i c  cond i t ions  t h a t  w i l l  a f f e c t  
t he  water f o r  navigat ion.  

( f )  Other Po l l u tan ts  - Other po l l u tan ts  s h a l l  n o t  be added t o  
the  water i n  q u a n t i t i e s  which may be detr imental  t o  the  
waters used f o r  navigat ion.  

These c r i t e r i a  should n o t  be construed as pe rm i t t i ng  the  degradation o f  
h igher q u a l i t y  water when such can be prevented by reasonable p o l l u t i o n  
cont ro l  measured. The above condi t ions are  recognized as apply ing t o  
waters a f fec ted  by t h e  discharge o f  sewage and/or i n d u s t r i a l  waste o r  
o ther  waste and n o t  r e s u l t i n g  from natura l  causes. 

\ DEFINITIONS 

1. Conventional Water Treatment - Conventional water treatment as 
r e f e r r e d  t o  i n  the  c r i t e r i a  denotes coagulat ion, sedimentation, 
f i l t r a t i o n  and ch lo r ina t i on .  

2 .  Mixing Zone - Mix ing zone r e f e r s  t o  t h a t  sec t i on  o f  f lowing 
stream o r  impounded waters necessary f o r  e f f l u e n t  t o  become 
dispersed. 

The mix ing zone necessary i n  each p a r t i c u l a r  case s h a l l  be 
def ined by t h e  Tennessee Water Q u a l i t y  Control  Board. 

INTERPRETATION OF CRITERIA 

1. I n t e r p r e t a t i o n  o f  the  above c r i t e r i a  s h a l l  conform t o  any r u l e s  
and regu la t i ons  o r  p o l i c i e s  adopted by the  Water Q u a l i t y  Control  
Board. 

. Inso fa r  as prac t icab le ,  the  e f f e c t  o f  t rea ted  sewage o r  waste 
discharges on the  rece iv ing  waters s h a l l  be considered a f t e r  
they are mixed w i t h  the  waters and beyond a  reasonable zone o f  
immediate e f f e c t  upon the q u a l i t i e s  o f  the  waters. The ex tent  
t o  which t h i s  i s  p rac t i cab le  depends upon l o c a l  cond i t ions  and 
the  p rox im i t y  and nature o f  o ther  uses o f  t he  waters. 



3. The techn ica l  and economical feasi  b i  1 i t y  o f  waste treatment, 
recovery, o r  adjustment o f  the  method o f  discharge t o  prov ide 
co r rec t i on  s h a l l  be considered i n  determining the  t ime t o  be 
al lowed f o r  t he  development o f  p r a c t i c a b l e  methods and f o r  the  
spec i f i ed  co r rec t i on .  

4. The c r i t e r i a  s e t  f o r t h  s h a l l  be app l i ed  on the  bas is  o f  the  
f o l l o w i n g  stream f lows: unregulated streams - stream f lows 
equal t o  o r  exceeding t h e  3-day minimum, 20-year recurrence 
i n t e r v a l ;  regu la ted  streams - instantaneous minimum f low.  

5. I n  general, dev ia t ions  from normal water  cond i t ions  may be un- 
des i rab le ,  b u t  t he  r a t e  and ex ten t  o f  t h e  dev ia t i ons  should be 
considered i n  i n t e r p r e t i n g  t h e  above c r i t e r i a .  

6. The c r i t e r i a  and standards prov ide  t h a t  a l l  discharges o f  sewage, 
i n d u s t r i a l  waste, and o the r  wastes w i l l  r ece i ve  t h e  bes t  p r a c t i -  
cab1 e treatment (secondary o r  t h e  equ iva len t )  o r  con t ro l  accord- 
i n g  t o  the  p o l i c y  and procedure o f  t he  Tennessee Water Q u a l i t y  
Contro l  Board. A degree o f  treatment g rea ter  than secondary 
when necessary t o  p r o t e c t  t h e  water uses w i l l  be requ i red  f o r  
se lected sewage and waste discharges. 

TENNESSEE ANTIDEGRADATION STATEMENT 

1. The Standards and Plan adopted a r e  designed t o  p rov ide  f o r  t h e  
p r o t e c t i o n  o f  e x i s t i n g  water  q u a l i t y  and lor  t h e  upgrading o r  
"enhancement" o f  water q u a l i t y  i n  a l l  waters w i t h i n  Tennessee. 
It i s  recognized t h a t  some waters may have e x i s t i n g  q u a l i t y  
b e t t e r  than es tab l ished standards. 

2. The C r i t e r i a  and Standards s h a l l  n o t  be construed as p e r m i t t i n g  
the  degradat ion o f  these h igher  q u a l i t y  waters when such can be 
prevented by reasonable p o l l u t i o n  c o n t r o l  measures. I n  t h i s  
regard, e x i s t i n g  h igh  q u a l i t y  water w i l l  be maintained unless 
and u n t i l  i t  i s  a f f i r m a t i v e l y  demonstrated t o  the  Tennessee 
Water Q u a l i t y  Contro l  Board t h a t  a change i s  j u s t i f i a b l e  as a 
r e s u l t  o f  necessary s o c i a l  and economic development . 

3. A l l  discharges o f  sewage, i n d u s t r i a l  waste, o r  o ther  waste s h a l l  
rece ive  the  bes t  p r a c t i c a b l e  treatment (secondary o r  t h e  equiva- 
l e n t )  o r  con t ro l  according t o  t h e  pol  i c y  and procedure o f  t he  
Tennessee Water Q u a l i t y  Contro l  Board. A degree o f  treatment 
g rea ter  than secondary when necessary t o  p r o t e c t  t he  water uses 
w i l l  be requ i red  f o r  se lected sewage and waste discharges. 

4. I n  implementing the  prov is ions  o f  t he  above as they r e l a t e  t o  
i n t e r s t a t e  streams, t he  Tennessee Water Q u a l i t y  Contro l  Board 
w i l l  cooperate w i t h  the  appropr ia te  Federal Agency i n  order  t o  
a s s i s t  i n  ca r r y ing  ou t  responsi b i  1 i t i e s  under the  Federal Water , 
P o l l u t i o n  Contro l  Act, as amended. 



Public Law 92-500 
92nd Congress, S. 2770 

October 18, 1972 

Bn grt 
86 STAT. 816 

To bnnend the Federal Water Pollution Coutrol A c t  

Be it enacted by the Senate and Rouee o Re eae~rtativea of the 
United States o/ America in Con revs nssrm$d, K a t  this Act mny be Fedoral Water 
cited as  tlue "Federnl Wnter ~of lui ion Control -4ct Amendments of Pollution Con- 
1972". t r o l  Aet Anend- 

SEC, 2. The Federal Water Pollution Col~trol Act is nmeudecl t o  read ~ $ ~ ~ f  
ns foll01vs : 84 Stat. 91. 

33 USC 1151 
"TITLE I-RE'SEARCH AND RELATED PROGRA&IS note. 

';DEGL,UL~ON OF QOALS AND POWCY 

"Src. 101. (a) The objective of this Act is to restore rind muhtuin 
the chemical, hgsicd, nnd biological integrity of the Xntionf waters. m 
I n  order to aciieve tlus objective it is hereby declared that, consistent 
wit11 the revisions of this A o t  2 ~~6) it is the national gml that ths discharge of poUutuds into 

the navigable waters be eliminated by 1385 ; 4 
U(2) ~t is the national goal that wherever attainable, m interim =-r 

goal of water quality which rovides for the protection and g 2 propagation of fish, shellfisl~, nn8 wildlife nnd pmv~des for recren- I+ 
tion in nnd 011 the ra ter  be achieved by July 1,1983; -2 *A 

"(3) i t  is the ndionnl policy that the dscharge of toxic pollut- c? e 4 
ants hi toxic nmountsbe rohibited; f :z 

&'(a) i t  is the nationay policy that Federal financial uristnnce & : 
be rovided to  construct ublicly o m e d  wnste tratment works; Urn . 

4 5 )  it is the nationafpolicy that areawide ~ a r t e  treatment 
. 

2: : 
mnnagement planning processes be develo ed and implemented C -  
to  assure ndequnte control of sources of po8utants ill encl~ State; i-z 
an! L X  : 

k- - -- - (6) i t  is the national policy that a ma'or research and demon- = <  - 
stration effort be made to  develop techndogy necerssry t o  elimi- k- ... : nate the discharge of pollutants into the narlgable rraters, wnters - - 
of the contiguous zone, and the oceans. y- / : 

"(b) It is the policy of the Congress to recop~izs, preserve. nitd g z  6 
protect the prilnary res onsibilities and rights of States to prevent. - 2 i  c -=, 
nduoe. a d  eliminate po?lution, to  plan the development n ~ d  ~ u e  (in- >- - 2 

cluding restoration. preservation, and enhancenlcmt) of land nnd v; i. 2 - 
water resources. nnd to consult with the .%dnlinistrator in the esercise - ?- - -a 
of hi authorit under this Act. I t  is further the policy of thc Congress 2 ; 
to support andnid research d n t i n g  to the reventlon, reduction, nnd - 
elimination of pollution. and to provide ~ e l f e m l  t.eclinicn1 service3 and 2 7' 
limncial aid to State and interstate agencies nnd municipnlities in con- - 
~tection a i t h  the prevention, reduction, and elimination of 

"(c) It is further the policy of Con,pss that the Presi ?llutiOn* ant, act- 
ing through the Secretary of State and such nationnl and international 
organizations as he determines appropriate, shall take such nction as 
may be necessary to insure that to the fullest extent ~ossible all for- 
eig6 countries sfin11 take meaningful action for the prevention, reduc- 
tion. and elimi~intion of pollution in their wnters rind in international 
waters and for the achiehment of goals regarding the elimination of 
clischarge of pollutants and the improvement of water rlunlity t o  nt. 
least the sans  extent ns the United S t a t a  does under its laws. 

"(d) Except as otherwise expressly in this Act. the Acl- Administretion, 
ministrntor of tha Environmelltnl Protection Agency (hereinnfter in 
rhis Art call~rl '-\ilministrntor') shnll ~illiiinister this Act. 

"TITTIE III:ST..%SD..\RDS XSD EXFOECEJIEXT 

':SEC. 301. (a) Except as in compliance with this section and sec- 
tions 302,306,XU'i, 318,402, nnd 404 of this Act, the discharge of any 
pllntnnt by nliy person shall be unlnrvful. 

) LL(b) 111 eviler to cmry out the objective of this Act there shnll be 
nchieved- 

14.1-12 
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"(1) (A) not Inter than July 1, 1977, effluent limitations for 
point sources, otlier t l~nn ublicly owned trentment works, (i) 
which shall nquire:tl~e ap  Pieation of the best practicable control 
technology currently ovriynble as defined by the Administrator 
pu~suant to section 304(b) of this Act, or  (ii) in the casa of a dis- 
charge into a p~rblicly owned treatment works which meets tho 
tcqu~rements af subparirgral)h (B) of this pnrngraph, which shall 
re uire compliance wit11 nny applicable retreatment requirements 

m y  rcq~~iremcnts iiildcr section 30!of this Act; and 
"(B) for pttblicly owned treatment works in existenm on 

July 1, 1977, or nppioved ursuai~t to section 208 of this Act prior Y to June 30,1974 (for whic 1 col~struction must be completed within 
four years of approval), offlnent limitations based upon secondary 
treat,rncnt as dofined bv the Administrator pursuant to section 
;301(d) (1) of this Act; or 

&&(C) not later t1lr11 J ~ ~ I ~  1,1977, nny more stringent. limitation, 
includ~ng those necessar to meet water qunlity standards, treat- 
nlent stmdards, or sclle&es of compliance, established pursuant 
to any State lam or regulations (tinder authority preserved by sec- 
tion 510) or nay other Fedcral lam or regulation, or r iiired to 
iinplemcnt any applicable r a t e r  quality standard establ2ed pur- 
suant to this Act.. 

"(2) (A) not later thnn duly 1, 195.7, effluent limitations for 
categories and classes of point sources, other than publicly owned 
treatment works whicli ( i)  shall require application of the best 
available tecllnoiogy ecoilomically acliievnble for such category 
or class, which will I-esult in rcasonablc further prowess toward 
tho nationd voal of eliminating the discharge of afl ollutants, 
as determinedin accordance with regulations issl~cd by tEc ~ d n l i n -  
istrntor pursuant to section 304(b) ( 2 )  of this Act, which st~ch 
elglicnt limitations shall require the elimination of dischnrgcs. of 
all polliltants if the Administrator finds, on the basis of informa- 
tion availnble to him (including information developed pursuant 
t.o section 315), that slich elimination is technologically and eco- 
nomically achievable for a category or cl~.ss of oint sources 8s 
determined in accordance with rcpilnt ions issslicdiy the Adminis- 
trator pursnnnt to section 304 (b) (2) of this Act, or (ii) in t.he case 
of the iutrodnction of a polltitant into n pi~blicly owned treatment 
works which meets the requirements of stlbparagraph (B) of this 
paragraph, sliall require compliance with any applicable pretreat- 
ment requirements nnd nny other requirement under section 307 
of this ~ i c t  : and 

"(R)  not later than Snlv 1, 1988, compliance by all pl~blicly 
on-ned trentmcnt, works with the requirements set forth in sec- 
tion 201(g) (2) (A) of t.his Act. 

"(c) The Administnttor mn-y modify the requirements of stibsectio~l 
(b) (2)J-%) of this sectioil with respect to anv point soiirce for which 
n permit. applicntion is filed after Jnly 1. 1977. upon a sliowinp by the 
owhcr or operator of srich point source satisfactory to the Administra- 
tor thnt such modificd requirements (1) will represent the maximum 
use of technolopv within the economic capability of the o~vner or 
operotor; and (2) mill result in rrnsonnble further progress toward 
t l~eelimi~~ntion of thc tlischnrgr of poll~~tnnts. 

"(d) .illy rfil~ic~it limitation rcquirrtl l)-y parnprnph (2) of subsec- 
tion (b) of tliis srctioi~ slinll bc reviewed nt least, every f v r  vrnrs nnd, 
i f  'npr)ropriutc, revised purs t~ai~t  to the procedure established undar 
such pnmnaph. 

"(0) EfA~~ent limitations established pursi~nnt to this section or sec- 
tion 302 of this Act shnll be applied to all point sourceP of discharge 
n* poll~itnnts in nccordanc~ with the provisions of this Act. 

October 18, 1972 - 3 1 -  Pub. L a w  9 2 - 5 0 0  
86 STAT, 846 

" ( f )  Sot\vitl~stn~~tliiig nriy other provisio~is of this Act it shall be 
~ ~ ~ ~ l n w f u l  to discharge atny rndiolog~cal, chemical, or biological war- 
fare ngeiit or high-level radioactive \\-ask into the navigable waters. 

"WATFJI QUA\I.ITY KEIu\TED EFFLUENT Ll.\IIT1TIONS 

"SE~'. :3(M. ( a )  1371ie~~ever, in the judgniclit of tlie .idininistl*ator, dis- 
cl~nrges of poll~~tants from a point soilrce or grot1 of point sources, 
.-it1 tlte np licntion of enluent 1imitat.ions requirec!lillder section 301 
(b) ( 9 )  of tRis Act, \vould interfere wit11 tho attainiocnt or maintc- 
iiance of that water quality in a specific portion of the navignble watcrs 
nliicl~ sl~all assure protectioii of public water sul~plit.s, agric~tlturirl 
lurid i i~d~~s t r i a l  uses. nnd the protectioll and ro apation of a balaiiced 
lapdatioii of shellfisti. fish and wildlife, u l % n l L i  wcreationnl nctiui- 
ties ill  and on the water, efltuent limitations (includii~g alternntzive 
efflurnt coiitrol strategies) for such point. sourcc or sources sllall be 
rstablished which call reasonably be expected to co i~ t r ib~~ te  to tlic 
trttaiiim~nt. or mnilite~tance of such water quality. 

"(b) (1). Prior to establishment of any effluent limitat,ioii pu r sue~~ t  Fublio I:cnl.i)g. 
to s~~bscct~on (a of this section, the -4dlninistrator shall issuc notice 
of iiltei~t to esta b lish such limitation and within nincty days of such 
i~otice hold a public hearin to determine the relatioiisl~ip cf the cco- 
ncimiC and soc~al costs of acficviilg any sucli limitatioil or limitatioin, 
inclilding any ecoiiornic or social dislocntion in the nffectrd c.oln~n~tnity 
or conin~~~iiities, to tlic social and economic bt!nefits to l)r ol)t:liircd 
( inc l~~dinp the attninme~it of the objective of this Act) and to tletcr- 
11ii11r ~vhetl~er or not stlcl~ efiuri~t limitntions call 1)r. iinl)lcmcnted wit11 
~rvnilnbla tcch~~ology or otller alter~intivr. control str:ttrgirs. 

*'(3) If a person nffacted by snch limitation dcmonstl~atcs :lt sttcl~ 
Iiea~.iiig that (whether or not such techiiology or other nlternnti~~e con- 
trol strntepies are avnilnble) tltere is no rrasoilnble rel:~tionsl~il) 
bet.\veen the economic and social costs nnd t.he benefits to be. obtaii~ed 
(includii~g attninmcnt of the ob'cctive of this Act), such limitation 
~l ia l l  iiot become effective and tbo Administrator shall adjust such 
limitation as it applies t.o si~cli person. 

"ic) 'rl1(1 rst;~l)lisl~mcnt of eltll~rnt limitations 11ntlci. this srctioi~ shall 
i~ot. olwlntr to tlel:ty the nl)l)lic:~tion of nliy efl111c11t limitation rstnl)- 
I.isl~cd uiitler s c ~ t  in11 301 of this Act. 

"\v.\'I'EI~ Ur,\r,rn- s~.\?un.\n~)s .mu II~I~I.E>IKN.I.S'ITON I~I,,\NS 

"SEC. :W?. ( a )  (1) I11 ortlrr to tr11rl:y out tlir ptlrposc of this Act, ally 
w t e r  clutrlity stu11dn1.d ;tpl)licahle to interstate \\-nters lvl~ich was 
ndoptetl by ally St:~te :u~d s111)mittrd to. r11c1 apl)rosctl ly .  or isn~vnitinp 
approval by. the ,\dlninistmtor I)tiisuarit to this Act ns in rlfrct imnlr- 
clintely 111-ior to the date of cnactinent of the Frdrrnl Watrr Pollli- 
tin11 ('o~ttrnl .\(st .4i11~1idt11e~1lts of 1!)7.L. sliall reuinin i l l  cffcct tulless tlla 
. ldnli~~ist l '~~tor t l ~ r e r ~ l t i ~ i ~ d  t1111t. s~ich stniidi~rd is not. consistrnt. wit11 
tlic? nl)l)licnl~le l.ecl~~irc-niei~ts of this Act ns in effect in~mdiittely prior 
to tl)r dlttr of c~ l~nc t~ l i c~~ t  of tllc.. Fcvlrrnl lV:tter Pnll~ition (hntlal  Act 
.\nientlnteiits of 107.2. If tl~ca .\dmil~istrntnr 111:tkcs s11r11 n tlctrnninn- 
ti011 1 1 ~  ~ 1 ~ 1 1 1 1 .  tvitl~ili t111.ec. niontl~s ;titer tllc~ tl:~tr of rn:~ctmc*nt c ~ f  thc 
F ~ ~ f l r ~ ~ t l  \\.11t~r 1?01111tio11 ('o11tt.01 -\ct . I I ~ I I ~ I ~ ( ~ I ~ P I I ~ S  of l!l72, 11otif.v 
tllc St ntc i11\(1 splbcbify tltv tsl~nners ~icbrtlrtl to i11:~t~t w1c.11 rc~cl~~i~. r~~~~c~ntS.  
I f  . ~ , h  t.ll:~l),crs nrc. not adoj>trtl by thc St:llr wit11i11 1li11c5ty (lily? I I ~ ~ I ' I -  

tI1!1 t111tc. of s11c41 ilotificiition. the i\druii~istr.~~tor sl~nll j)ro111111g:tt~ s11c11 
c.l~nli~es in i~ccnrdnncr \vith siil)sec.tio~~ (b )  of this xction. 
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"(2) .11y !trite rliidl, hefo~e the dntc of e~lact~nent of tile Federal 
\Vtiter Po1 ution Co~itrol Act rimendmenits of 1972, lias adopted! pur- 
s~iant to its ovrn IR\v, \rater quality s h d n r d s  applicable to mtrmtnte 
waters sliall submit sucll sta~idnrds to the Administ.rntor within tliirty 
days aftcr the dnte of ennctme~lt of the Fedeta1 Water Pollution Con- 
trol Act Amendments of 1972. Each s ~ c h  standard shall remain in 
effect, in the Fame mnnller nnd to the snme extent as an other water 
uality stnndurd ertablislied under this Act tiiidess the Idministrator 

letermines tllnt sue11 standard is inconsistent with the applicable 
requirements of this Act ns in effect immediately prior to tlie date of 
enactment. of tlie Federn] Water Pollution Cantrol Act Amendments of 
1072. If  the ddminist.rator makes such n determination he shall not 
1t~ter thnn the one llundred R I I ~  twentieth dny after t.he dnte of sub- 
mission of such stnndards, notify the Stnte and specify the ehan w B needed to meet such I-cquirements. If  such changes are not a.dopted y 
the State \vit.hin ninety days after sucll notificntion, tho Administrator 
shnll promulgate such changes in accordance with su'bsection (b) of 
this section. 

"(3) (A) Any Stnte which prior to the dnte of enactment of the 
Federal Watcr l>ollution Co~itrol Act Amendments of 1072 has not 
ncbptod pu~sunnt to its o\vn laws \mter quality stnndards a plicable R to intrastate waters shall, not later tlian one hiindred nnd eig ty days 
after the dnte of enactment of tlie Federal Water Pollutio~\ Control 
Bct Amendments of 107-2, ndopt. and submit siich standnrds to the 
,idministrntor. 
"(l3) If  the Administrntor determines that nny such stnndnrds nre 

consistent wit11 the a plicable reqnirements of this Act as in effect 
immediatrly prior to t\c date of ennctment of the Federal Water Pol- 
lution Control Act ,imendrnents of 1072, he shall approve such 
standnrtls. 
'&(C) If  the .\dnlinistrntor determines that ally such standards nre 

not consistelit with the npl~licable requirements of this Act as in effect 
immediately prior to the dnte of enactment of the Federal Water Pollu- 
tion Control Act Amendments of 1072, he shall. not later than the 
ninet.ieth day after the dntc of s l~h i s s ion  of si~ch standnrds. notify the 
State and specify the clianges to mwt. slicll reqiiirements. If  such 
changes are not adopted by tthe State withi11 ninety days nfter the date 
of notification, the .idnl~nist.rator sliall promillgntc such stnlidards 
pursuant to siibscction (b) of this section. 

Proposed "(b) (1) The .idministrat.or shall promptly piapa1.e nnd publish 
regulations, ~)roposed regulations setting forth water qiiality stnnd~rds for n State 
publioation. In accordnnce with t.11~ applicnble rcqiiircmcnts of this Act as in effect 

immediately prior to the date of enactment of .the Federnl Water 
Pollnt ion Coiitrol Act. .imendrnents of 1972, if- 

" ( A )  the St,nte fnils to submit ~vnter quality standards m-ithill 
the times prescribed in siibsection (a) of this section, 
"(U) a water qi~ality stnndnrd slibmitted by such St,ntc under 

subsection (a)  of this section is determined by the Administmtor 
not. to be consiste~it with tlie applicable require~nents of subsection 

Rovl ew. 

(a)  of this section. 
'& (2) The Administrntor shnll promulgate any water qualit stand- 

) i d  puMislied in a pmlmad repllntion lint lnter than one hiin&d a11d 
l~i~lety days aftcr tlie date he publishes an such proposed standard, 
~ ~ n l r s s  prior to  s~lch promulgation. S I I C ~  &ate. h n ~  adopted a ,utter 
q~~n l i ty  standard which the Administrator determines to be in accord- 
ince. Gith s~ibsrrt,ion (a)  of this section. 

"(c) (1) Tho Governor of n S t a b  or the Stnte water pollution wn- 
trol ngency of snch State shall from time to time (but nt least once 
ench thm year period bginni i~g with the date of el~artil~e~lt of t l l ~  
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Federal Water Polliltion Control Act Ameadnlcnts of 1952) 11o)d 
public henrin for the purpose of reviewing applicoblc water quality 
standards a$ as appropnate, modifyin and adopting standards. 
Resiilts of such review sliall be made avaikblo to the Admillistrator. 

"(2) IYhenever the State revisw or adopts a new standai-d, such Revised 
revised or new stnndard shall be submitted to the Administrntor. Such standards* 
revised or new water quality standard shall conskt of the d s i p n t c d  
uses of the navi able waters involved and the water quality criteria 
for such wate1.s fnsed upon such uses. Such standnrds shall be SIIC~I as 
to rotcct tho public health or \relfare, enliance the quality of water 
anlserve  tho purposes of this Act. Such standnrds shall be establisl~cd 
taking into consideration their use and valile for public water supplies, 
propagntio~i of fish and wildlife, recreational piirposes, and agric111- 
tural, industrial, and other pur~oses, and also taking into consid- 
eration their use and value for navigation. 

'<(3) I f  tho Administrntor, witll~ll sixty days aftcr the date of s~ib- 
mission of tlie revised or new standard, determines that siic,h standard 
meets tho rqliircments of this Act, such standard shnll thereafter bo 
the water quality stnndard for the npplicable wnters of tliat State. 
If  the ,Idministrator dctermiues that any s11ch revisrd 01. new stand- 
ard is not co~isistcnt with the a plicnble reqiiircmcnts of this Act, he 
shall not lnter than the nineti$ day aft.er the date of subniirsio~l of 
sucli stnndard notify the State nnd specif the cliangcs to meet such 
requirements. If  such changes are not adlpted by tohe State within 
ninety days after tho date of notification, the Arlministrator shnll 
promillgate such standard pursuant to paragraph (4) of this sub- 
section. 

"(4) The Administrator shall promptly prepare and publish pro- Publioa+,ion. 
posed regulations setting forth a revised or new water quality stand- 
ard for the navigable waters involvcd- 

"(A) if a revised or new water quality stnndard submitted by 
such State under para raph (3) of this subsection for such waters 
is determined by the Xdministrntor not to be consistent with the 
applicable requirements of this Act, or 

"(B) in nny case where the Adn~inistrntor drtermines tlint n 
revised or ~iem st.a.ndnrd is necessnry to meet tlie require~nents of 
this Act. 

Tlie Admillistrator s11nll romulgato a.ny revised or new sta~idnrr! 
tinder this p a r y r a  11 not Tater than ninety days aftcr he ~~nblisllrs 
sucll pivp(LIPd shndl.rds, i ~ n l m  prior to such prnmidg~~tio~i. sl~cll Statc 
has ~tdopted n revised or  rims- mnter quality standard \vl~ich tlic .ldmin- 
istmtor tlctemines to bo in nccordnnce witrll this Act. 

"(d) (1 )  (A) Each St& shnll identify t h w  wnters within its b111id- Insuffioierrt 
t ~ r i e s  for wvl~ich the effluent limitations required by section 301(b) (1 ) controisa area 
I .I) and section 301 ('b) (1) (B)  nre not str~ngent cnoufli to implcmellt identlfioation. 
any writer qlidity standard n plicable to ssuch writers. The State sllall 
&ablisll a prio&ty ninking &r suCll A-nters, taking into wco~int the 
severity of tho pollution and the uses to  be made of s~ich wnters 

"(13) Each Stnte slrnll identify .tllose raters or wts thereof \ritliin 
its boundaries for which mntmls on thernlnl disoRargeS'under spction 
301 are not stringent enough to assure protection and rorngntion of x 
1,nlnucerl indigenous populntion of shellfish, fish, nnK rr~ldlife. 

"(C) Exrli State. slitill establish for the wnf-els irlcntifi~d in pnm- x a x i r ; ~  
g1-ap11 (1) (-2) of this sub~cct.ion, and in accorda.ncc 1rit.11 the ~riori ty dai:y 1 ~ ~ 4 .  
mnkiap, tho totnl maximum dnily load. for those pollutn~lts n-]licll t l ~ r  
,\dministmtor identifies under wction 304(n) (2) 3s suitnblc for s11cll 
cnlcnlntion. Such lond shall h est.nblisllcd nt a level necessnry to  
impl~ment the applicable water liality standards ~ i t h  sensoilnl rnrin- 
t.ioils and a mai-gin of safety .n % ich tnkes into nccount any lnrk of 
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ho\vledgc c o ~ ~ c e r ~ ~ i n g  tho relntiolrsl~ip.ht~veell effluelrt linlit;~tiolis nlld 
~vnter qui~lity. 

~ n x l m u n  dai ly  <&(I)) Ench St~tc-shrill csti~r~ntc for the ~vnters itlentilied ill p:~ra- 
thermal load. vrn )h (1) ( U )  of this subsectioll tlre totnl l ~ ~ n s i ~ n ~ i m  rlnily thcrmal rmA required to assure )mectiol~ r11d propng.ztiolr of n bnla~~ced, 

indigr~~o~is  lmplllntion o t  sl~elllislr. fish and ~vildlifc. Such ntinlates 
sllnll tillre illto nccoal~t the normal water temperntures, flow rntes, 
sensol~al vnriatio~ls, rsisting sources of hcnt input, and the tlissipative 
capnci.ty of ,the idrl~tificd svnters o~ lmrts tlrercof. Srlcli estimntcs shnll 
illclude n cnlcul;~tio~~ of the Inaxlmlinl 11cat i11l)ut that can be mado 
illto cnclr such part nnd shall i~lclude a mnrgin of ssfrty wliicl~ tnkes 
into nccomrt nlry lack of Ict~o~vledge colrccrl~ilrp tlre drrclopn~rlit of 
thermal 11-atcr qunlity criteiin for such protectiolr nlrd propng11.tio11 
in the identified aatersor pnrts thcreof. 

' & ( S )  Each State shall sirbmit to the Admiliistrntor fro111 time to 
time. \vith the first sucli subnlission not lnter thnn one hu~rdrcd nnd 
eiplrty dnys after the dnte of pn1)lioation of the first idclrtificwtion of 
~)ollutn~rts ullcier scctiorr 304(n) (2) (I)) ,  for his np1)roval tllr wntn.s 
identified and .the londs estnblislrcd irndcr 1)aragmplrs (1) (A),  (1)  
(11), (1) (C), and ( I )  (D) of this subsrctio~~. Tlre Admilristmtor shall 
clthcr approve or disnp rove such idel~tificntiolr nlld lonci ]rot. lnter 
tlrnli thirty d n p  after tge date of srrbmission. If  the Administrntn. 
n proves suclr idelrtificatio~~ and load, such Stnte shall incorporata 
t&m into its cr~r~nllt plnrr alrder s~~l~srction (e) of this section. If tilc 
Administrator disapproves such idci~tification and load lie slrnll not 
lntcr thnn thirty days after the dnte of such disa provnl'identify sucli 
lrntcrs in such State and cstnblish such londs &r such waters ns Ire 
cictrrmi~~es ~~ecessary to implrme~~t the ~vntcr quality stnl~clnrds 
nl~plicalle to snch writers and up011 such idel~tificatlon and establish- 
melit tile State sl~nll i~lcorpo~.nt~ t h ~ m  illto its currellt, plali 1111der 
sulwcctio~l (e) of this section. 

" (3) For the specific purpose of developing ill formation, each 
State sllnll idr11tif.y all waters ~vithin its boiilldnrirs 1\-11ic11 it has not 
iderrtified under parngrnplr (1) ( A )  and (1) (l3) of this s~ibse~tion nlld 
estimate for sl~clr waters the totnl maximum daily load with srasoilnl 
\-nrintio~rs and ~nargins of safety. for those olllltants which the 
.\dminlstrator identifies under section 104(n) (27 ns suitable for SIICII 
cnlriilatio~l nnd for thermal clischar~es, nt a level tlrnt ~vo~lld assrrre 

rotectioll nnd ropngation of n balanced indigenous populntioll of 
&I, shellfish an~ni ld l i fe .  

&'(e) (1) Ench State sllnll hnve r continl~ing plnnning process 
11pproved under parngrnpl~ (2) of this subsectio~~ which is consistent 
with this Act. 

"(2) Ench Stnte sllnll wibmit not lnter than 130 dnys after the date 
of tllr r~rnctmelit of the Wntcr Pollution Control ,\mendments of 
1072 to the Administrator for his npprovnl n proposed colrtili~ril~g 
p1n1111il1g process whicl~ is co~lsistent with this Act. Not lnter than 
thirtv days- after thc date of submission of snc,ll a process the Admill- 
istrator slrall either approve or disapprove such process. The Adminis- 
trntor slrall from time to time review enclr State's approved planning 
])recess for the pnrposc of insuring that s ~ i c l ~  planlllllg process is; at  
nll times c o ~ ~ s i s t o ~ ~ t  with this Act. Tlrc Admillistrntor sllall not approve 
ally Stnte permit progrnm under titlc I V  of this Act for ally Stnte 
\vlritli docs not have nn approved colrtir~riing plnl~ning process under 
this scct.ion. 

"(3) The I\dministrator sliall approve any col~tilinilig plallnillg 
process si~l>mitted to him under this section which will result 111 plans 
for nll navi able \vnters within such Stnte. which includq b'ntt are not. 
limited to. t& folloairlg: 
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"(+) efil~rc.lit limitations and schediiles of con~plianw ut least 
11s strln~pllt ns tl~ose n nimd by sect.io11 301(b) ( I ) ,  section 301 
(h)  (2). srctio~l 306. nl% s t t i on  307. nild nt lrnst ns std~ige~rt  
ns n~iy  requimmellts contailled in nny applicnble ante? qunlity 
standard in thffect under authority of this section ; 

" (U)  the ii~corporntio~i of all elemellts of ally applicnblt- tlrrn- 
wide waste manabvment plal~s under section 208, and applicsble 
basi11 plnlls luidcr section 209 of this Act ; 

"(C) totnl mnximum daily load for polhltsnts in accordn~wc 
with subsectioll (d) of this section ; 

*' (I)) procedures for revision ; 
"(E) idequate nuthority f o r  intergove,r~~mental cooperntion; 
"(E ) adequate implemcntntion, i~icludil~s schedules of com- 

l)lia~lce, for -mvised or new water' qunlity srandards, ullder sub- 
section (c) of t.his section ; 
"(G) controls over t.he disposition of all residual \strste from 

1111 water treatment processing; 
l(EI) an inventory and rnnkillg, i s  orilrr of plioritp. of neals 

for constructdon of waste treatment. works required to meet the 
t~pplicable requirements of sections 301 and 302. 

"(f). Sothing in t.his section shall be construed to affect any eflluellt. 
limitation. or schedule of compliance? required by an Stnte to be 
i ~ r i  )lcmel~ted prior to the dates set forth in sectio~is :30l(b) ( I )  slid 301 
(bj  (2) nor to prwl~ide mv Stnte from requiring compliance wit11 
ciny effluent lim~tation or schedule of compliance a t  dates earlier than 
such dates. 

"'d " ater qua1it.y standards relating to heat sllnll be consistellt Heat standards. 
with t. e qni rements  of section 316 of this Act. 

'&(h) For the purposes of t.his Act the term 'water quality standards' Itwater qual i ty  
ilicludes thermal water quality standards. standards.I1 

"SEC. 304. (a,) (1  The Administrator. after colisultat.ion wit.h ap ro Water qr ia l~ ty  
pdt~te Federal an d Stnte v n c l e s  and other intel~stcd perso~ls, sKa~i  c r i t e r i a  
tlerelop and publish, withln one year nftcr the date of enactment ? ~ b l i c a t i o n .  
of this tit.le (nnd from time to time thereafter revise) criterin for  
water unlity nccurately reflecting the latest scientific kno~vledp $.I) 
on thel ind nnd extent of all identifiable effects 011 health nnd re1 are 
including but not. limited to, plankton, fish, shellfish, wildlife, plnilt 
life,shoreIines,beaches,est.hetlcs,and ~.ecrcation which may be expected 
from the presence of pollutants in any ,body of water, including 
glound miter; (l3) on the concentrntion and dispersal of pollntants, 
or their 'byproducts, through biological, physical, and chclnical proc- 
c!sses; and (C) on the effects of pollutants on biologicnl communit,y 
(1i1-ersity, productivity, and stability, including informatiol~ on the 
factors affecting rates of eutrophicntlon and rates of orgnnic and inor- 
ganic sedimentation for varying types of receiving-waters 

"(2) The ,Idministrator, after consultation with a pro riatc Fed- 
oral and State agencies and other i n t e e d  persolis, sfall let-clop and 
mblish, within one ear a-fter the date of enactment of this title (nnd 
Lorn time to t.ime tiereafter revise) information (a) on the h c t o ~ s  
Iiecessaly to restore and mnintnin tho c,hemicnl. pllysical. mrd I)io- 
logical ~ntegrity of all nnvigable H.R~.CIS? graund wnte~a, wnters of 
tho colltiguous zone, and the oceans; ( H  on the h c t o ~ s  nrrrssa1-y for 
the protection and propagntion of shellfis ,fish, and \vildlifc for clnsses 
rulcl categories of receiving waters and to allow rccl-entionnl nctivities 
in and 011 tho water; alld (C) on the measr~rernelrt a ~ l d  clnssificat.ion of 
anter quality: ~ l l d  (n) for t.he plirpose of section 303, on and tho 
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identification of poll~ltnnts suitablo for  mnrimum dnily load measure- 
n~eiit  correlnkd with the achievement of wnter quality objectives. 

Publioation i n  LL(3) S~ rch  criteria nnd iitformntion aiid revisions thereof slinll be 
Federal Redaterr issried t o  tlic Stntes n i~d  sl~nll be published in tlic Federnl Register n i ~ d  

otlic:.wire mndo nvailnblc to the public. 
Effluent, limit*- "(b) F c r  the purpose of adoptin or revising effluent liinitntions 
t i o n  guide- uilder this Act the Administrator shgl ,  af ter  coiis~~ltntion with np ro Y - l i n e s ,  ~ u b l i c a -  priate Federn1 niid State agencies and other interested pcryi!s, pub. is11 
t ion .  witlliii one year of ellactillent of this title, reg~lations, p r o v ~ d ~ i ~ g  g!ud~- 

lines for effluent limitations, and, a t  least nnnunll thereafter, revlse, ~f 
nppmprinte, such reg~ilntions. Snch rega!nt.ions s(all- 

L L ( l )  (A)  identify, in terms of amounts of constituents nnd 
chemicnl h sical, and biological characteristics of pollutants, the 
degree o i  5 i I e n t  reduction attainable through the npplicntion of 
the bcst practicable control tecllnology currently avnilable for 
clnsses nnd categories of poiiit sources (other than publicly owned 
treatillelit work;) ; nnd - 

" ( n /  specify fnctors to be taken ill to ncconnt in determining the 
coiitro measures aiid prnctices to bo npplicnble t o  point sources 
(otllcr thnn public1 owned treatment works) witllln such cnte,- 
goriw or clnsses. 8nctois d a t i n g  to the assessment of l r s t  
~)incticable'conti~ol technology currently avnilable to comply with 
s~rbsection (b) (1) of section 301 of this Act shnll include coiisidar- 
ntion of the totnl cmt of n plicntion of technology in relntion to 
the effluent reduction beneffts to be achieved from such npplicn: 
tiin, and shall also take into account the nge of equipment nnd 
fncilitics involved, the process employed, the engineering  aspect.^ 
of the applicat.ion of various types of control techniql~es, roccss P chnngcs, non-water qnality environmental impact (inc utling 
enerm rcquircments), nnd such other factors ns the Administrntor 
deems ap proprinte ; 

LL(2)  (A)  ~dcntify, in terms of nmouilts of constitmnts and 
chemical, physical, and biological cl~aracteristics of poll!ltnnts, 
tlie degree of effluent rednction attninable throng11 the nppllcntion 
of tlie best control mensures nnd prnctices nchievnble incllldi~ig 
trcat.niciit tecliiiiq~~es, process nlid procedure innovnt.ions, opcrnt- 
ing metliods, and other a1tennt.ii.w for clasws and cnkgorles of 
poiill sources (other t.han publicly owi~ed trentment works) ; nnd 

LL(I<)  specify factors to Iw t,nken into acco~~ri t  in dctcrininiiig 
tlie best measures aiid practices nvailnble to comply wlt11 sr11)wc- 
tion (b) (2) of section 301 of this Act to be npdicnblr, to nl!y 
point source (other than publicly owned trentnlent works) wit.lrin 
srrcli catc ories or classes. Factors rclnting to the messnlcllt of 
iwst avnifnblc twlinology sllnll tnke into nccount tlre n c of 
equipment. and hc i l i t i a  involved. the p l o e m   employ^ Lllr 
ei1rri;ieering aspects of tlir applicnt~on of vnrioris t y p ~ ~  of colitrnl 
tcc~ii~iql~es. prowss chai~ges, the cost of achieving suc!~ efll~lrllt. 
rcd~lct.ion. 11011-water qunlity environmentnl impact ( ! l ~ ~ l r ~ t l ~ n f i  
eiierm rcquirrmelrts), nnd such ot,lier factors ns tllc Admlnistnltor 
deems npliroprinte; nnd 

"(3) identify control mcnsbres and pract,iccs nvnilab!e to olilni- 
n:r.te the discharge of pollutnr~ts froni :&itegories ?nd clns?rs of 
noi~l t  sources. t nkiiie into account the cost of achieving sr~cli el irlli- 
1.---~ - 

iint.io~a of the d i s c l ~ g ~ e  of pollutnnts. 
Pn1 l,,t.i nn " ( c \  Tlic :\tlnlinisl.r:~tor. n.fter c-onsrtltntion, wit11 rq)propiirlte lic>~1- . "---"--.. . . ,  
disc!>argcs, IT:I~ :i~id State a~cnc ies  nnci ot.11c.r intcrestctl l , ~ ~ s o n s ,  slfnll issi~r to t Ire' 
~ l i m i n n t i  on States nnd approprinte wnt,er pol lr~t io~l  control ngailcics \rit.l~in 270 
prooedures davs n.fter enactnmnt of this title ( : III(~ from time to tirrro t . h~ r r a f t . ~ r )  
i*olmatiOn* iiiforiiiation oil tlic processes, procctl~wcs, or opernt.ing ~netliods 1vhl~I1 
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result ill the eliminntioil o r  reduction of the dischargo of mlll~tnnts 
to iiilulelliel~t s tai ldads of ~erformance under section 306 o! this -4ct. 
Sucli'i~iformation sliall include tmhnicnl and other rlatn, including 
costs, as  nre nvailnble 011 alternative mothods of elimination or  irduc- 
ti011 of the dischar Ih~tnnts. Such information, a ~ l d  revisions 
thewof, slmll be pu6igtcf% the Federn] Register and otherwise disll  
be iiinde l~vailable t o  tliepublic. 

.'(d) (1) The Adnlinistmtor, af ter  consultatioil with a p  roplinte 
Fvdeml niid Stata n ncies mid other i n t e r5cd  persons, shaR publish 
\vitllii~ sixty days a& eilactn~ent of this title (and from tima to tima 
thrrmfter) informntiotl, in terms of amounts of constituents and chem- 
icnl, physical, and biolopjcal characteristics of pollutnnts, on tho de 
of efluei~t. ivductioi~ nttniiiable through t he  application of - J I ~ $  

trentii~riit. 
'L (2) The. Administrator, after consultntion with approprinte Frd-  

e.~nl aiid State agencies and other interested Dersons. shnll nliblish 
~vithiii iiiiic. montiis after the  dnte of enactment of this  t i ~ e  ( a i d  from 
tilllo to tinie thereafter) information on ah rna t i ve  waste tm.tmr.nt 
rilann~emcnt techniql~m and systems avnilnble to implement section 
201 of t.his Acti 

;'(e) The Admiiiist.rntor, afte.r consultntioil with a.pproprintc Frd-  
~ r a l  and State npncies nnd other interested persoils s h l l  i s s ~ ~ e  to 
rtpproprinte .Federal agencies, the Stah, water poflution control 
ngrnclrs, niid agencies designated under ectioii 208 of this .4ct, within 
olio year nfter the effertivo date of this subsection (nnd from t.ime to 
time tlirrcafter) information includiil (1) glidelines for  identifying 
nntl eralnntilig (.he i i n t~ ln  nnd extent ofnonpoint s o ~ ~ l r c s  of pollutants, 
niid (-2) processes, p~wednres,  nnd methods t o  coiltrol pllrltion rrsult- 
iug f mnl- 

"(A) agricultu~*al and  silvicultural activities, includiiig runoff 
f rom fields n.nd crop and forest lands; 
"(B) mining nct.ivities, including rwloff and  siltation from 

)]err, curm.11~1y operat.ing, nnd abandoned surfnce and under- 
groui~d iiiines; 

"(C) 1~11 coiistrlictio~l nctivity, illcluding runoff froin the facili- 
tics resulting from such construction; 

"(D) tlie disposal of lmllutailts ill wells o r  ill subsurface 
cscrrvn tioils; 
"(E) salt nnter int.rusioii resultii~g froin reductions of frcsh 

\v11te1  low from rlny cnuse. iiicluding extrnction of g-rollild writer, 
irri!ln'tioi~, obstr~~ction. and diversioii ; 11nd 

" ( F )  changes ill the movement, flow or circulnt.ion of nny navi- 
ml,lc ~vateis  o r  y n d  .-ntns, including chnngs  cnused by the 
I-oiist~.~irtioii of t nms, levees: channels, callserrays, or florr divcr- 
sioii faci1it.i~~. 

51c.11 iiiformntion nlid rvvisions thereof slinll be pablished in the Fed- 
vl.111 Rcxistrr 11nd otherwise made nvnilable to the public. 

"(f)  (1) F o r  thc purpose of nssisting St-ntrs in carryin ont ro- 
yrnlns under section 102 of this Act, the Administrstor shafl pubEshh. 
\ \ . i t l~i i~ one huiidi.et1 niid trrenty.dnysnfter the dnte of eiiactmcnt of this 
title. nild review a t  lcns t nilnually therenfter and, if a propriate, revise 
m~illilleliiles for pidreatnlent of ollutants which he &ermines are not 
~ s r r p t  ihle to t rentmcnt. by p%icly o w n d  treatment. lrorks. Guidr- 
1inc.s ulldcr this sukrc t io~i  shnll be r s tnb l i sh~l  to rolitrol aiid prrvcsnt 
t l l c .  dischergr into tllr n:lvignblc wntrrs, the co~itiguoirs zone, 01. tllc, 
cwrnri (citllcr dircctly or  throligh pllblirly ownrd trentme~lt \~or.ks) of 
I I I I ~  l )ol l~i ta~i t  .\rIiich iirterfrrcs wltli, passes through! or  otller\~isr. is 
i~ico~nlu~til)lo with such works. 

86 STAT, 852 

Alternative 
waste treatmonl 
methods, 
Publicat ion i n  
Federal Registc 

S eo ondnry 
treatment info1 
mation. 

Publicet ion i n  
Fedeml Registe 
Pretreatment 
standards guide 
l l n c s ,  publioa- 
t i o n .  



@&-SPAT. 853 
Pub. law 92-500 -38- October 18, 1972 

" (2) Wheil publishing guidelines under this subsection, tlie Admin- 
isti*ator sllall desi iirite tlie category or categories of treatment works 

lnes sh~11 apply. to which t . 1 ~  uid'fi' 
Test prooedurea, lL(g) l l lo  bdnlillistrator dlall, wit.11in OIIC hundred and eigl~ty dn s 
g ~ i d ~ 1 i n . s .  fmni the drtc of enactment of this title, promulgate idelincs cstaL 

lisliing test procedures for the analysis of pollutants tf%t shall include 
t.lle fncto~s wllich must be provided ill any cei-tification pursuant to 
section 401 of this Act o r  permit application pursuant to section 402 

Monitoring, 
r e p o r t i n g ~  
eto . ,  guide- 
l i n e s .  

Transfer of 
funds.. 

Appropriation. 

- - 
of this Act. 

'&(h) Tlie Admiilistrntor shall (1) within sixty days after tlie enact- 
ment. of this title promul~nte guidelines for the purpose of cstablish- 
ing uniform application forms and other minimum requirements for 
tho rtcquisition of information from owners and operators of point- 
sources of discllnrgc subject to ally State pro rnm under scotion 402 of 
this Act, and (2) within sixty days from &o date of enactment of 
this title promi~lgnte guiclelines establishing the minimum proceclural 
.and other elements of any State program under section 402 of this Act 
wliicl~ shnll inclncle : 

$'(A) molli,torilig reqllirements: 
&'(B) repoi.ting rcquircmel~ts (including procedures to make 

information available to t.he public) . :: IC) enforeeiiiont provisions : and 
D) funding, pe~sonnel qualificatio~~s; nnd manpower require- 

ments (including a requirement that no bonrd or body which 
npproves permit npplications or portions thereof sl~all include, 
as n mcmbcr, any >c3rson who receives, or 1mns.dunng the previous 
two y r s n  reecivch, n sijyifieou~t portion of his illcome directly 
or indirectly from permit holdels or n plicnnts for a ermit). 

"(i) Tlie Administrator shnll, withiii 2% da s nftcr tyie effective 
dnta of this siibscctio~i (and from time to t,ime tkrenfter), issue such 
informatio~l on metliods, procedlires, and processes as inay be a 
prirte to rcstom and elilinnce the qilnlity of the Nation's p u ~ ~ ~ ~  
owned fresh water lukcs. 

L'(j) (1) Tlie Admii~istrntor shall, within six months from the date 
of eliactrncl~t of this title. enter into ngrrc.mr.nts with tlie Secretary of 
Agriculture, the Secretary of tlie Army, m d  the Secretary of the 
Interior to provide for the maximum utilizntion of the appropriate 
prog'nms authorized il~ider otller Fcdernl law to be carrlrd out by 
siic11 Secrc!taries for tlir 1)urpose of acl~icving and maintaining wntcr 
quality tlirougli appropriate iniplemcntntiol~ of plans approved under 
scc t io~~ 208 of this Act. 
&&(2) Tlie Admillistrator, pursuant to any agreement under pnra- 

grn 111 (1) of this sllbsectio~~ 1s ailthorizcd to t rnnsfer to the Secretnry 
of bpriculturr tlie Scciotnry of the-lrmy, or tlie Secret.aly of the 
Inhrlor m y  fiillds approprinted under parngrnph (3) of this subscc- 
tion to s\ipplement any funds otllerwisc np ropriated to cnrry out 
ibp Iioprinte proglrins aiitl~orized to be m w i e ~ o u t  by suc11 Secretaries. 

d(3)  Tliere is niitl~orized to be approprintcd to carry out tlln pro- 
visions of this subsection, $100,000,000 per fiscnl gear for the fiscal year 
ending .Juno 30, 1973, nnd the fiscal ycnr clidi~ig Jilne 30,1974. 

Report t o  &&Sec. 305. (a)  Tlio Aclministrntor, in cooperntion with tlie States 
Congrrss. ;mcl wit11 tllc :~ssistnllrr of al)l)ropi.intc Frtle.rnl n ~ n r i e s ,  slinll plel)nln 

a report to bc, sill)rnittc*tl to t l ~ c  Co~lgr(ss on or bcfo1.e .Jnn~inry 1, 1974, 
11-Iiic11 sl~nll- 

"(1) dcscribc tlic spcrilic qunlity, during 1973, with nppro- 
pinto siipplc~nrlitnl drscriptions ns ~11~11 bc, required to tnko into 
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account seasonal. tidal, and other variations, of all iiavignhlr 
wate~s and the waters of the contiguous zone ; 

"(2J includo an inventory of nll point sourcns of discharge 
(base on n qunlitativo and unntitntivc analysis of discharps) of 
pollutantq into all- navigade waters and tlie waters of the coil- 
t i pous  zone; and 

"(3) identify specifically those navigable w&m, the qunlity 
of which- 

'&(A) is adequate to provide for the ~rotcction nnd pro1)n- 
gation of a balanced population of she lhh ,  fish, ni~d \v,.ddlife 
and allow rocra~tionnl nctivities in nnd on the wnter; 

'L(B) can reasonably bo c x p t c d  to attain srlch lcvcl by 
1977 or 1983 ; and 

"(C) can reasonably be erpectcd to nttnin snch 1err.l by 
1111 later date. 

"(b) (1) $wli State shall prepnre nnd submit to the Ad~ninistrntor s t a t e  reports.  
by January 1, 1975, and shall bring up to date each year tliercafter, n 
report which shnll i n c l u d e  

"(A) a doscription of the wnter quality of nll navigable antcis 
in such Stntc during the preceding year, nit11 appropriate sup- 
plemental descriptions ns shall be required to tnkc into arroullt 
se.sona1, tidal, and otlior varintions, wrrelntcd with the quality of 
water required by the object,ivc of this Act (ns identified by the 
Administrator ursnant to critcria ublished under scrtion 304(n) 
of this Act) an$ the water quality ~cscribed in subpnmprapl~ (II) 
of this parngra?;. 

" ( E l  an nna ysls of the extent to which nll navignblo wnterr 
of suc State provide for tho rotection and propngatioi~ of n 
balanced population of shellfis~, fish, and wildlife, nlld allow 
rccrentionnl activities in nnd on the water; 

"\C) an analpis of the extent to which the rliminntion of tllc 
disc large of pollutants nnd n lcvel of water qualit which pro- 
vides for the rotection and propjation of n baibnced popu- 
lation of shel&sh, fish, and nil li e and allors recreational 
activities in and on the rater ,  have been or will be nchieved by tlic 
rc! uircments of this Act, togdlier with recommendntions as to 
adaitional action necessary to aahieve such objectives and for 
\rhnt waters such additioilal nction is necessary; 

"(D) an estimate of (i) the environmental impact, (ii) tlir, 
economic and social costs necessary to achieve tho objective of 
this Act in such Stnte (iii) the economic nnd social benefits of 
snch achievement, and (iv) an estimnte of tho date of such 
nchievement : and 
"(El a dckription of the nature and extent of m p o i n t  sources 

of ~ o l  utants, and recommendations as to the Dronrams which 
muit bc unrlertaken to control e ~ c h  category bf guch sour&s, 
includin nn estimata of the costs of implemcntlng such programs. 

"(2) The %d ministrator shnH transmit swh State reports, together Transmittal t o  
with nn annlysis thereof, to C~ngress on or before October 1, 1976, Congress. 
nnd annually thereafter. 

'$SEC. :3M. (a) For purposes of this section : Def in i t i  om. 
"(1) Tllc trrm 'stnndnrd of pcrformnnrc' mrnns n, stnndnrd for tho 

control of the discharge of poll~~tnnts which reflects t.11~ prratcst 
tlegrce of efHucnt reduction which tho Atlmil~istrntor determines to be 
ncllievablo through application of the h s t  available demo~~stratcrl 
cnlitrol technology, procossps, oprnting mot.liods, or other nlter~in- 
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tives, including, \vhere practicable, n atandad permitting no dis- 
cllnrge of ollutants. 

"(2) T R ~  term ciie~v source9 means any source, the construction of 
\vhicli is comn~enced after tho publication of proposed rc 

rescribin a standard of performance under this &ion wf$%t%! kk applicn%le to such source, if such standard is thereafter promul- 
gated in accordance with this section. 

"(3 Tho term 'source' moans any building, structure, facility, or 
instal 1 ntion from which them is or may k the d i s c h ~ r g  of pollutants. 

" ( 6 )  The term 'owner or operator' means any person who owns, 
lenses, o erntcs, controls, or s~~pcrvises a source. 

' . (5 ]  bhe  term 'construction' means nn lacenlent, assembly, or  
instnl ation of facilities or equipment (incIu$ing contractual obl~ga- 
tions to p11rchn.w such facilities or equipment) at  the premises where 
snch equipment will be used, including prepnration work at such - -  - 

prolniG. - 
s oum CS, ."(b) (1) (A) The Administrator shall, within ninety days after the 
oategory list, rlnte of enactment of .this title publish (and from time to time there- 
~ u b l i o a t i o n .  nfter sllall revise) a list of categories of sources? whicll shall. ~t the 

rllinim~~m. include : 
"pulp and paper mills; 
"paperboard, builders paper and bonrd mills; 
"meat procluct and rendering processing; , 
"dairy prodact processing; 
"erain mills: ((r -~ -. ~ ~ - - - ~  ~ 

canned and'preserved fruits and regetables processing; 
"canned and preserved seafood processil~p; 
"sugar proccising ; 
"textile mills ; 
"cement manufacturing; 
"feedlots 
"electrop~atinq ; 
"oreanic chemicals manufncturine: 
" i n k a n i c  chemicals manufactur~ng; 
"~lnstic and svlithetic materials mnnufacturinp: = 8 

"sonl, and detirgent mnnnfact~~ring; 
"fc12 ilizer mnnufacturing ; 
"l)etroleum refining; 
"iron and steel manufacturing 
"nonferrous metals manufnctunng; 
'Lpllospl~ate mnnufacturillg ; 
"steam electric polrerplants; 
"ferronlloy manufacturing; 
"leather tanning and finishing; 
"glnss and asbestos manufacturing; 
"r~tbber processing; and 
"timbcr products processing. 

Federal standards "(R) AS soon as practicnble, but in no case more than one yenis, 
of perfomanoet nfter a category of sources is included in a list under sllbparngrnpll 
publioation of (A)  of this para raph, the Administrator shall propose and publlsh 
r*@latiOm* reg~llations eatabishmg Federal standards of performance for new 

so~lrccs within such cntegory. The Administrator shall afford inter- 
ested persons an opportunity for written comment on such proposed 
replations. After considering such comments, he shall promulgate, 
Inthin one hundred and twenty days after publication of such pro- 
posed re~ ln t ions ,  snch standards with such adjustments ns he deems 
npproprinte. The Administrator shall, from time to time, ns twhnol- 
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~ g y  nlld nltrtmrtives chanp, wviw s11cl1 stnltdnrds followir~g tha 
procedure required by this s~~bsection for pl-oml~lgntiol~ of such 
sta~ldards. Standnrds of perfolmnllce, or rcvisio~ls thereof, sllnll 
become effectivo upon ,nrom~~lgation. 111 rstn1)lishing or revising 
Fedcral stnndnrds of per\ormnllce for new scurees under this section, 
the Administrator shall tako illto consideration the cost of nchieving 
such efluent reduction, nnd nny non-wntcr qnality cnvironmcntnl 
im act and energy requirements. 

Q(!2) The Administrator may clistinyisll nmong cdses.  types. rind 
sizes \ritllln categories of ncw sources for the purpose of establish- 
ing sucll stnndnrds nnd sl~nll collsidi~r tlm type of process rmploycd 
(includinc wllethel. ,batell or continuo~ls). 

"(3 The provisions of this section shall npply to  any new source 
olrne d or oprntecl by the 'TTnitcd Staks. 

"(c) Ench S h t r  mny dcvclol, nnd submit to t.hc. Administrator n 
procedure under Stnte law for npplying nnd enforcillg standards of 
performnilce for aew sources locntrd ill s11c11 Stntc. If  the Adminis- 
trntor finds tllnt the. procedure and the lnm of nnp State require the. 
applicntioll nlld enforcemellt of stRlldads of performance to at  lrnst 
tlle snme cstant as rcq~~ircd by this scction, such Stntc is authorized 
t,o apply nnd enforce such standards of erformance ( r x c ~ p t  with 
res cct to l u r .  so~~rccs owlud or operated the Vnitcd Stat-). 

&$d) Kotwithstanding any other pmvisio~~ of this Act, any point 
source the collstruction of which is commenced nfter the date of enact- 
ment of the Federal Water Pollution Colltrol Act Amendments 
of 1972 nnd wllicll is so constn~cted as to meet all applicable stnndnrds 
of performance shnll not be subject to  nny more stringent stnndarcl 
of pcrformnnce dnring n ten-ymr criod beginning on the date of 
completion of sl~ch constn~ction or $wing the period of depreciatio~l 
or n~llortizatiol~ of snch fncility for the urposes of wction 167 or 169 
(or both) of tho Illternal Rcvennlle C ~ P .  of 1954, whichever period 
ends first. 

"(9) After the effective dnte of standards of performlrilce promul- 
gated nnder this section, it shall be unlawful for any owller or operator 
of any new source to opcmte swh source in violnt.1011 of nny standard 
of performnnco npplicable to such source. 
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"TOXIC AND PRETRXATXENT RFFI.L.NT ST.\XDARDS 

"SEC. 307. (a) (1) The dtlministrntor shall, within ninety dnys nftcr 
the dnte of ennctment of this title, publisll (nnd from tlme to t,imr 
thereafter revise) a list wllich includes any toxic~pollutnnt or combinn- 
tion of such pollutants for mllicll an effluent standnrd (which mny 
include a prohibition of the discharge of such pollutants or combinn- 
t.ion of such pollutrtnts) mill be established under this section. The 
Administrator in p ~ ~ b l i s h i n ~  such list shnll tnke into account the toxic- 
ity of the pollutant. its prslstoncc, degmdnbility, the u s ~ ~ a l  or potential 
presence of the ~ffected orpnisms in nny wnters, the importance of 
the affected orgtnisms and the nature nnd extent. of the effect of the 
toxic pollutant on such or anisms. 

"(2) Within one hunfred and eighty dnys after tho date of pub- ProPosed 
lication of any list, or revision thereof, containing toxic pollutants or effluent 
combination of pollutants under aragraph (1) of this subsection,, the StmdaM, 
Administrator, in ncmrdsnce wit$ section 553 of title 5 of the I!ilitr(I p'lblioPion* 
States Codo. sllnll ~ubl ish  a D ~ O D O S C ~  emucnt stnndnrd. (or a ~rohibi -  80 s t a t .  283. 
tion) for such pollutant or  combinntion of pollutn~~ts mhhh slinll tnkc 
into nccount the toxicity of the pllutnnt, its persistence, de:rndability, 
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t l ~ r  usu;~l or p o t r ~ ~ t i i ~ l  1)resenc.e of the afl'ecterl or l rn~l is~l~s in any 
waters, thc i~nportancc of the aflcctrd orga~lis~l ls  a l ~ c f t l ~ c  nature and 

Hearing. extent of the cffect of the tosic polluta~lt 011 such orga~lisms, nnd he 
shall gul)lisl~ x notirc for a p~iblic h e a r ~ n g  on silch proposrd stnnd?rd 
to bc llcld within tllirty d:ys. As soon ns possiblc nftcr s11c11 h e a r ~ ~ l g ,  
I)ut not later tllan SIX 1no11t11s after publication of the proposed elR~~ellt 

.stnlidnrd (or prohibition). u~lless the Admi~~is t rn tor  hncls, on the 
~.rro~.tl. tl~:rt n 111cwlifiratiol1 of s11cl1 pl~o1)oscd stnnd:rrtl (or p r o l ~ i b i t i o ~ ~ )  
is j~~s t i f i rd  bnscd ~ ~ p o n  n prcl>o~idcrn~lce of cviclc~~cc n d d ~ ~ c r d  a t  such 
hear~ngs, such standard (or  prohibition) sllall be promulwnted. 

Revlsed " ( : 3 )  I f  nfter a p~lblic Ilennng the Administmtor finds t z a t  n modi- 
e f f l u e n t  ficntion of such proposed stalldard (or prohibition) is justified, a 
standard. rcvised effluent s tandi~rd or  prohibition) for such pollutnnt o r  corn- I 1,inatioll of pol l~~tal l ts  s l ~ a  1 be pron~ulgated immediate1.y. S ~ l c h  stand- 

irrd (or  ~,rohibitio~l) sllall be reviewed and, if appropr~ate ,  rcriscd a t  
astkvcfy t l~rcc years. 

Ie "(4) Any efllumt standard pro~nl~lgnt,ed under this scction sllall bc 
a t  that  level which the Administrator detcr~nines provides an nmplc 
margill of safety. 

" ( 5 )  I \%cI~  prol>osi~~g or lx.o~nulgating any eFfluent standard (or 
prohibition) under this scction, the Ad~ninistrntor shall desipnntc t l ~ c  
category or  cate.aorics of sourcrs to whir11 tllc efflucnt standard (or 
prollibitioll) s l la t  nyply. Any disposal of drcdgecl material lnay bo 
111c111dctl in sue11 a category of sonlaces after consul tat io~~ wit11 tlre 
Secret,nry of the Army. 

~f f eo t ive  "(6)  +IIY cilll~ent stnndn1.d (or prol~ibitio~l) established pursua~lt to 
dat c . this scctlo~l s l~al l   tali^ effrrt  011 s~lcll c1:ltc or dates ns spcc~ficd in tllc 

order n r o ~ n ~ ~ l r r n t i n r  such st,a~~dal.tl, but in no cnse more tlln11 o ~ l c  year 

Pretreatment 
standards, 
proposed 
res la t iokm,  
publloation. 

. . .  .. 
from t.11~ date of s11c11 prom~~lgat ion;  

"(7) P!~oI. to puhlisl~ing ally rcp~lat ions p l~rsun~l t  to t.l~is s r r t i ? ~ ~  
the . l t lm~~lis t rnto~.  sllnll. to  t l ~ e  lnasimum extent practicable w~tltlll 
the time provided, cons111t with approprintr. advisory cornmit,trcs, 
States, independent cxpcrts. and Federal departments and ngc~lcics. 

&'(b) (1) T11e Admi~llstrntor sllnll, within one hundred-nnd eighty 
dnys after tllr. dnte of cllactrne~~t of this titlc nnd from t ~ m c  t,o t.ime 
tliercnftrr, pt11)lisll ~ r n p o s e d  regalations estnblishi~ig plet.rmt.ment 
stnndal.tls for  int,ro uction of pollutants into trentmcnt worlts (ns 
defined in section 212 of this Act) which are publicly owned for tllosc 
p o l i u t a ~ ~ t s  n- l~icl~ are. tlctr.rmi~lctl not to be s l~sce~t ib le  t.o trentmcnt b y .  
such t ~ . r a t ~ l ~ r ~ ~ t .  \vo~.lts or \vllicl~ 1vo111d interfc1.c with tllc opcmt.iy! of  
such t relr tme~~t  works. Not Intel. than ninety days aftcr suc l~  publ~cn- 
tion. and aftcr opport~ulity for public hcnring, the Admiriistrntor sllnll 
prom111gat.e SIICII pretrentment stn~ldards. Pretreatment standnrds 
under this subsection shnll snec,ify a time for romplinnce not to cxcrrd 
tllree years from the datr. of promiilpntion and shall be cstnblisllctl to 
p ~ ~ v e ~ ~ t .  the dischnrge of ally pollntnnt tl~rougll treatment works (ns 
defined in s c c t i o ~ ~  212 of this .\ct) whicl~ are publicly omncd, wl~icll 
nolluta~lt i~ltcrferc.~ \vit,h. passes t l~ rougl~ .  o r  otherwise is incompntiblc . . 
kit11 suc l~  \vorlcs. 

(<(2)  The  , \d~ni~~is t lx tor  shall, from time t,o time, ns control tech- 
~lolopy, processes. opc~.nt i~lp methods. o r  otller alte.rnatives cl lanp,  
~.evise s11c11 standards follominfi the procedure establishcd by this sub- 
section for  promulgntjon of such s tandard~ .  

"(3)  Wlwn propos111g or  prom111gat.ing any prctrratrncnt standnrd 
11ndcr t l ~ i s  s ~ r t i o n ,  t.l~r. .\tIministr:~t.or sllnll tlcsigllnts thc category or 
rnl.cco~,irs of so1u.crs to ~ r l ~ i c l ~  s11c11 st.nndnrd sllnll apply. 

IL(4) Xothing in this s111,srction sllnll affect nny prrtrrntmollt 
rr,q~~ircnlcnt rstnl~lislicd hv nny Stntr o r  locnl Inw not. in ronflict \vitll 
nlly pmtrrntmcnt stnndnrd rstn1)lisllrd u~ldcr  this snbscction. 
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"(c) I n  order to  i n s i ~ n  t l ~ n t  any source illtrodtieing pollutnl~ts into a 
pub icly owned treatment works, whicll sol~rcc would be a new source 
subject to  section 306 if i t  wcre to discllarge pollutants, will not cause (I 
violation of the etffucnt limitations estabhslled for  any such trcntment 
works, the Administrator sllall promulgatc pretrcat~ncnt standards for 
tho category of such sources simultaneously with thc pronlulfintion of 
s ta~ldaras  o"f pcrformance under section 308 for the cqiivalent>ategory 
of new sources. Such prctrcatment standards shall prevent tho dis- 
charge of any po l l i~ ta l~ t  into such trcatmcnt worlcs, wllicll pollutnnt 
Inn interfere \~.it.h, pass through, or otherwise be incompatible with sue$ works. 

"(d) After  the effective date of any eilluent stnndnrd or  prollibition 
or ~retrentment standnrd promulgated under this scction, i t  shall bc 
Illlblviui for  nny ow~ler  o r  opentor  of any source to operate nny source 
in violntioll of nny s i ~ c l ~  etH11e11t stnndnrd or  prohibition or  prctreat- 
11lc1lt standnrd. 

"SEC. 808. (a)  IVl~c~lcvcr  rcquired to carry out thc objective of this 
.Let, i~lcluding biit not limitcd to (1) developing or  nssisting in tllc 
dcvclop~nent of any efflucnt limitatio~l, o r  other limitation, prohi- 
bition, o r  effluent standard, pretrcatmc~lt standard, or standnrd of 
pcrforrnance under this Act ;  (2) determining whether nny person is 
In violat.io~l of any such elllucnt limitntion, o r  other limitnt~on, 
hibit,ion or  cflluent standard, p re t rca tmc~~t  standard, o r  stalldnr$rzi 
performnncc; (3) any rcqllircment rstablished undcr this scction; o r  
(4) carrying out s c c t ~ o ~ ~ s  305,311,402, and 504 of this Act- 

" ( A )  the Administrator s11all rcquirc the owner o r  operator Reoordkceping; 
of :lny point sollrce to ( i )  estnblisl~ nnd maintnin such records, repol-ts. 
( i i )  nlake silcl~ reports, (iii) i ~ ~ s t n l l .  use, and maintain slrcll 
~;ln'nitoring cql1i~)111611t o r  ~ n c t l ~ o d s  ( i ~ l c ' l ~ l d i ~ ; ~  whcre appropriatc, 
biological mo~iitoring metllods), ( iv) sample s11c1i cfllucnts ( in  
~ c c o d n n c e  with sucl; met,llods,' at'such lochtions, nt such inter- 
vals, and in sucll m:mner ns the Administrator shnll prescribe), 
rind (v) provide such other i~~formnt ion  as hc may rensonnbly 
rcqui1.o ; and 
"(U) tl?c Ad~ni~~is t . ra to r  o r  his autl~orizcd rcpresentstive, upon 

p~'rscl~tntion of his credentials-- 
"( i )  sl~nll Ilnve n right of elltry to, upon, or tllrougl~ ally 

prcmises in whicl~ all efllucnt sourcc is locnted or  in \vllicl~ 
nny records required to be rnnintained under clause ( A )  of 
t h ~ s  s~~bscction are located, and 

"(ii) mny nt renso~~able times have nccrss to and copy 
nny records, inspcct ally monitorinw equipment or method 
rcquircd under clilusc ( A ) ,  and sampfe any effluents which thc 
olvncr o r  opcriltor of such source is required to sample ulider 
s11c11 cliluse. 

''(I)) .illy records, reports, o r  information obt.ained under this src- 
tinn (1 )  sllnll, ill the case of cfi~lent data, be related to ally applicable 
rlllurnt limitntions, tosic. pretreatment., o r  new source performnncc 
stnlltlnrtls. n ~ t d  (2) shall be availnble to the pubiic, cscept that  upon 
11 sllo~vil~g sntisfnctory t.o the Admillistrntor by any person that  rcc- 
nrtls, reports, or informntion, or pnrtic~llar part thereof (other than 
~,fll~lcnt tlntn), t,o wl~ich the Ad~ni~l is t rator  11as acccss under t l ~ i s  src- 
liotl, i f  n~:ltlc 1>11l)lic ~vol~l t l  tlivulgc ~nctllods or processes rntitletl to 
~ ) r n l c c t i o ~ ~  11s tr:ldr srcrrts of s11c11 person, the Administmtor sllnll 
ronsitlrr si1c11 1,ccord. 17eport. 01. i~~formatiou.  or psrtic~llnr port io~l  
tl~crcof ro~~f idr l~ t in l  ill nrcortln~~ce ~vi th  the porposes of section 1905 
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62 Stat. 791. of title 18 of the United States Code, erce )t thnt sncl~ recol.il? 1vp012, A or information may be disclosed to otl~er o cers, employees, or anthor- 
ixed representatives of the United S t n h  concerned with cnrrying 
'out this Act or ahen relevnnt in any procecdi~~g undcr this Act. 

"(c) Each Stnte mny develop and submit to the Administrator p!-o- 
ccdures ilnder Stnte Inw for ~nspection, monitorin and entry w ~ t h  
rem ect to point sollrus located in socl~ State. If  %e Administrntor 
finis thnt t . 1 ~  pmcedt~res and the law of NIY Stnte relating to inspec- 
tion. monitoring. R I I ~  entry are al~plicnble to at  lenst. the same extent 
ns tl~ose required by this scctio~l, sucl~ State is nnthorized to appl 
nrld mforce its procednres for inspection. mol~itoring, and e n t ~  wit l 
respect to point sources locnted in s11cl1 %ate (except, wit11 respect to 
point sources owned or opcrnted by the ITnited States). 

"SEC. 309. (n) (1) Whenever, on tho basis of m y  inforn~ation avnil- 
t~blo to him, the Administrator finds thnt any person is in violntio~~ 
of any c o ~ ~ d i t i o ~ ~  or limitntion which implemcnts section 301, 302,30G, 
307, or 308 of this Act in a permit issued by a State under an approved 
permit program undcr sectlon 402 of this Act., he shnll proceed under 
his nutl~ority in pnrngrnpll (3) of this subsection or he shnll notify 
t l ~ e  pelson in nllepd violnt~on and such State of such finding. f f  
boyond tho thirtieth rlny af ter  the Administrnhr's notification the 
Stnh llns not comnlcnced appropriate enforcement action, the Adminis- 
t m h r  shn11 issue an order re uiring such person to comply with such 
eoaclit,ion dr li~nit.nt,io~~ or s11t-h bring n c iv~l  nction in accordnnce with 
subsection (b) of this section. 

'$(2) W11e.never. on the basis of informatio~~ n~-ailable to him. the 
-1dministrn tor finds.tl~nt violntions of permit conditions or limitations 
ns set forth in pnrngraph (1) of this subsection nrc so widespread that 
s11ch violat,io~~s nppear to result from a failure of the State to enforce 
silch pern~it conditions or limitations effectively, he shall so notif the 
Stato. If the Administrntor finds such failure extends beyond the 
t11il.tiet.h dny nfter such notice, 11e shnll give public notice of such find- 
ing. D l ~ r i ~ ~ g  the period beginnin with such public notice and endinu 
~vl~cli sucll Stnte satisfies tho ~fminis t rn tor  t.hat i t  mill enforce SUCK 
conditio~~s and limitntio~ls (hereafter referred to in this section ns the 
period of Lfedcr~lly nssumdd ellforcement'). the Administrntor shall 
e.nforce nny ~ e r m i t  condition or limitntion with respect to nns person- 

"(,C).'by issuing an order to comply with such cohdition or 
limitnt~on, or 

"(13) by bringing a civil aclion under subsection (b) of this 
section. 

"(3) 7Vl1c11ever on the bnsis of nny illformation nvnilnblc to I I ~ I I I  
the -\ilministrator finds that any person is in violation of srction 301, 
302.306. 307. or 308 of this Act. or is in violntion of nny permit con- 
dition or limitation implementing nny of sac11 sections 111 n pcrnlit. 
issued m~der  section 402 of this Act by him or by n Stnte. Ile shnll issl~e 
nn orclc~. requiring such person to comply with such mt ion  or requirr- 
mrnt. or he shall bring a civil action in nccordance with subsection (b) 
of this srction. 

"(4) .\ ropy of ntly ordrr iss~lcd unrlrr this srtbscction shnll he sc.11t 
irnl~lcdintely l)y the. Administrntor to thr Stntc in which the violntion 
occurs nllrl otller nffrrtrcl States. Any ordrr issurd 11ndcr this sr11)srrtioll 
shall I,e hy pcrsonal srrvicr! nnd shall state with rrnsonnblc sprcificity 
t hc nntl~rr of the violntion, sprcify n time for complinncr, not to cxrccd 
thirty dnys. which the .\dm~nistrntor dctrrminrs is rrnsonnble, tnking 
into nrcoi~nt the s~rionsnrss of tlic violntio~~ nncl nlly ,wd fnith rffo~ta 
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to comply with ap~~licable requirements. In nny case in ~vhich nn order 
tinder this subsect~on (or notice to a violator ullder pnrngl-nph (1) of 
this subscction) is issued to a corporation, a copy of such order or  
notice) shall be served on any appropriate corporate offiwrs. An o1.c I cr 
issried under thissubsection relating to a violation of section 308 of this 
Act shall not take effect until the person to whom it is issued has had 
nn op ortality to confer with the Adlninistrator col~cerning the 
nllegef violatio~~. 

"(b) The Administrator is authorized to commence n civil action for 
npproprinte relief, including a perlnanent or telnpomry injunction, for 
nny violation for which he 1s nutl~orized to issue a coinplinnce order 
iulder sl~bsection (a) of this sectio~~. Any action under this subsect.ion 
mny be bron h t  in the district c0m.t of the Vnited States for the clis- 
trict in whicf the dcfenclant is locatal or resides or is doing business, 
nntl such court shall have jurisdiction to restrain such violation ancl to 
require complia.~~cc. Notiw of the cornme~~cemr~~t of s11cl1 action sllall 
ho given immediately to the approprinto Stnte. 

"(c) (1) Any person who willfully or negligently violates section Penalties. 
:301,302,306,307, or 308 of this Art. or any permit conditio~~ or limita- 
tion irnplelnellting rlny of such sections in a permit isslled under section 
402 of this Act by the Administrntor or by n Stnte, shall be p1111is11ed hy 
n fine of not. less t.hnn $2.500 nor more than $25,000 per rlny of violnt ion, 
or by imprisonment for not more than one year, or bg hoth. Tf tllc con- 
vict~on is for n violation committed after a first convlct.ion of s11c11 per- 
son ~ ~ n d c r  this paragraph, punishment shnll be by a fino of not morc 
tI1n11 $50,000 per dny of violatio~~, or by imprisonment for not more 
t Ilnn two ycnrs. or by both. 

"(2) Any person who kl~olvingly makes any false stntemrnt., rrp- 
rrsrnt.ation. or ccrt.ificntion ill nny npplicatiol~, rccord, report. plnn, or 
ot-hCr d w ~ ~ m m t ,  filed or required to be maintnined under t.his Art or 
\vho fnlsifies, tampe~s wit.h, or knowillply rcndc~.s i~laccumtc nllv mol~i- 
' t o r i ~ ~ g  device or method required to be maintained under this .kt ,  
sl~nll 111)on conviction. be punished by a fine of not more than $10,000, 
or 1)y imnrisonment for not more than six molltl~s, or hy both. 

"(R), For the purposes of this s~tbscction, the tcrm 'person' sl~all "Person." 
nlrnrl. 111 nddit.ion to the definition conbnined in section 502!5) of this 
.let-. r111y respo~lsihle corporate officer. 

"((1) .illy pcrson who violntcs section 301, 302, 306, 307. 01. 303 of 
this .let. or nny permit colldition or li~nitntion implementing any of 
s11r11 sections in a ermit issl~ed unrler section 402 of this Act by the 
.\cl~~ii~~istrnt.or, or f: g a State, and any person who violates any order 
isc;t~c!l by tho Administrntor under sllhsection (n) of this section. shall 
Iw stil)icct to n civil pc~~a l ty  not to exceed $10,000 per day of s11c11 
~iolntin~i. 

"fr)  IYl~enever a rn~lnicipality is n 1)nrt.v to n civil action brolly,ht 
Ijg t11c I'nitctl St.nt.cs llntler this section, the Stntc in which sllcl~ nllnllc- 
iitnlitg is Iw.ntcd sllnll be joinc1.d as n party. Such Stntc shall be linbla 
for pnymc~~t  of nny judpl~ent, or ally cxpenses incurred as a result of 
romplying wit11 any judment, entered against the rnuniciprrlity In 
suc.11 nct.ion to the extent that the laws of thnt St.nte prcvel~t thr munic- 
ipnlity from raising ~CVCIIUCS nccdcd to comply wit11 s~lcli judgment. 

''SI:~:. :iIO. (n) 7YJ1r~n(?ver thc 1\rllninistrntor, 11pon r~cripts 3f 
rv i~~r t s .  SII~V(:JS,  or stl~dics from nlly rl111y wnstitutrtl infcr~lationt~l 
ri~enc:y, 11:ts rc!ilson t.o ~ r l i n v c  t,hut polllltion is occurring which endml- 
v i m  the 11enlt.ll or welfnre of persons in n foreim coinltry, nrld the 
Sccrctary of State requests him to abate such pollution, he shall give 
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for~llnl ~lotificntioil tllrreof to the State water polhltio~l control agency 
of the Statc or States in which sllch discharge or cliscllar es originate 
a11(1 to the npproprinte i~ltcrstnte ngency, if any. He shnll nfso promptly 
call sucll n Ilenrlng, if lie believes thnt such ollution is occnrring in 
sllficie~lt qunntity to ~rnrrnnt sucll nction, nn dl if such foreign country 
llns give11 the United Stntes essentially the same rights with respect to 
the prcrention and colltrol of ~mllution occurring in that country ns is 
given tlrnt country by this subsection. The Administrator througl~ the 
Secretary of Stnte, s11n11 invite tile foreign country which mny be 
ndvcrsrly ntFectcd by the pollution to ntteud and artici ate in the 
Ilen,rin , n~ld tho representative of sucll country s1ln6 for b e  purpose 
of the%enring and any further proceeding resulting from sllch henr- 
ing, have all t l ~ c  riglrts of n Stnte water polllltion control agency. 
Xotlli~lg in this subsection shnll be construed to modify, amend, repeal, 
or otller\vise nifect the provisio~ls of the 1009 Boundny Wnters Trcnty 
between Cnilnda and the IT~litetl St.ntes or tllc If ater Utilization 
Treaty of 1941 between hlexico nnd the United States (59 Stnt. 1219), 
rclatirc to the co~ltrol nnd nbntement of pollution in \raters cororcd 
by thosc trentics. 

"(b) Thr. calling of' II llenring lulder this seeti011 sllall not be con- 
st.rucd by the c o i ~ d s ~  the Admmistlrtor, or any r l s o n  ns limiting 
~nodifyillg, or otllcr\visc! affecting tlle functions all r.esponsibilitics 04 
the Ad~ni~listrntor u~ltler this section to est'nblisll nncl enforce ~rntcr 
quality reqni~,eme~lts ullder this Act. 

"(c) Tllo Admillistrntor sllnll publish in the Fetleral Rcgistcr a 
s lot ice. of n pl~blic llcnring hcforc n hearin h n r d  of fire or more 

elsons ill)poi~ltrd by the Admi~listrntor. d majority of the Inem- 
tcrs of the bonrd n~ld the cl~nirnlnn who shnll be desi nntcd b t l~c  
.\dll~histmtor sllnll nbt be officers or emplo ees of &deral, h e ,  
or local gnrcrnmcnta 011  the bnsis of the eriicnce presented at suclr 
I~eorillg, the bonrd sllnll \vitllin sixty days after completion of the 
Ilenring nlnlcc findin s of fnct ns  to whether or not such pollution F is occurring nnd sha 1 thereupon by decision, incorporntin its find- 
i n p  thelri., lllnlre sac11 reco~l~nlendntioas to nbate thc oylution as 
mny h approprinte and l n l l  trn~lsmit such decision n11l the reeorcl 
of tlrc Ilcnriilg~ to the .ldnli~listrnto~.. All sucll decisions shnll bo public. 
U1rn11 recript of siicll clecisioll, the Administmtor shall promptly 
i~nplc~ne~l t  tllc bonrd's decision In accordn~lce xith the provisions of 
this Act. 

" (d)  111 co~l~lection wit11 ally Ileoring rnllrd ~lndrr  this s~lbsection, 
the I~oard is nlltl~ol-ixcd to require any pcrson ~rllosc alleged nctirities 
resi~lt ill disr*hnrges cnusi~ig or co~~tribllti~lp to polllrtioll to file with it 
in sllcll fornls ns it. may p~.esc~.ibe, a r cpo~ t  bnscd on existing dntn, 
f~wnislri~lg s~l rh  i~lformation as nlng renso~lnbly br. rrqnircd ns to the 
cllai-ncte~., Itilldl and q l ~ n ~ ~ t i t y  of srlcll clischarg~s nnd tllc usc of fncili- 
ties or othrl- mrnns t.o prc.vt!~~t or ~cduec s ~ ~ c l i  C ~ I S C I I R ~ ~ C S  by tllc person 
liling sllcll n lSapolt. Silcll repolt shall br. nincle 111ldcr oath or othcr- 
wise. 11s the bonrd mny prescribe, and shnll be filed with the bonrd 
~ v i t l ~ i ~ l  sncl~ ~.cnsonrtble period as it mny proscribe, 11n1css ndditionnl 
time is y.nilted bv it. Vpon n showing sntisfnctorp to tllc board by tho 
pc~.son filing sllcll report that. such re~3ol.t or portion thereof (dhcr 
thnn eflll~cnt clnta), to which tho Ad~n~~l is t rx tor  hns nccc.ss under this 
scctioll, if made 3ul)lic 1ro11lc1 divrilgc trnde secrets or secret proccssrs 1 of snrll I I ~ I ~ S ~ I I ,  t IC bonrtl shnll coiis~drr sucll rr ort or portion thcreof 
~.o~~fidr~rtinl  for tlrc plll.lm,s of spclioll 1805 oft,itie 18 of the U~lil-(l 
Stntvs ('otlr. 1 f nny letson ~.rqllil,rtl t,o fils nnp r.rl,orl: ~ m d r r  this pnrn- 
g~'al)lr slj~tll f n i l  to ( / o so " \vitlll~i t.11~ time fixrd by tllc bonrd for filinp 
the. sninr, mld si~ch fnilrilr sllnll ro~lti~lile for t h ~ r t y  days nfter noticn 
of silcll drfnl~lt, sllch pelason sl~all forfeit to the T~nited 'states tho snm 
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of $1,000 for each uld every dny of the co~itilluallce of such fnilure, 
~ r l ~ i c l ~  forfeiture shall bc pnynblr. into t.llc Trcnslrry of the Unitcd 
States, nnd sllnll bc rreorcrnblc in n ciril suit in the name of tho 
'United Stntes in the district court of t l ~ c  Tinited Statcs wl~crc slrc11 

crson llns his rincipal office or in nny district in wllicL he dms 
Rlsiness.  TI^ A f; nlinistrator mny upon a plication t.llerefor rcmit or 
~nitigate nny forfeiture provided for un 5' cr this sabscction. 

"(c) Bonrd members, ot.11er than officers or clnployccs of Federal, 
St.ate, or local governments, sllall be for encll day (including travel- 
timc) during whicl~ thcy are performinm board business, elltitlcd to 
~.rccirc co~npo~lsntion at n rnte fiscd by t%e Administrator but not in 
csccss of the nlnximum ratc of pny for gmdc GS-18, as provided in 
thc GCIIC~RI Sclledl~le ilnder section 5332 of title 5 of thc TJnitcd States 
Code, nnd shall, not~rithstnndinp the lin~itations of sections 5703 and 
.iiM of title 5 of t.he United Stntes Code, bc firlly reinlbllrsed for eo s.?t. 499; 
t,mrcl, s~lbsistcncc, nnd relnted expenses. 8 3  S t a t .  19C. 

'' ( f )  llrllcn nlly sucl~ rccomme~ldntion ndoptecl by the ddministrn- 
tor i~lrolvcs the i~lstitution of cnforccnlent procccdi~lgs against any 
pelson to obtnin the abatclncnt of pollution subject to such recLom- 
~llcnrlatio~l, tllc Adlninistrntor shall instit~tte siich proccrdings if 11r. 
hlicrcs that thc cridence ~rnrrznts s11cl1 procrcdings. The district 
cSoult of the Vnited States shall consider nnd dctcrmille dc. noro all 
rclcvn~lt issllcs, but shnll receive in evidence thc record of the pro- 
c.ccdi~lgs bcforc tllr conference or hearing bnnrd. The court shall 11ara 
jllrisdiction to enter such judgnlc~lt rind orders cllforci~lp such j~~clg- 
~nrn t  ns it decms npproprlntc or to remnnd s11c11 proceedings to the 
.\clnlinistrntor for sucl~ fur t l~rr  action ns it. may direct. 

"011, A S D  TIAZ.\Rl)OL-S SrI)ST.\NCI.: LI.\BII.I'lT 

"SEC. :111. (n) For tllr urposr. of this wction, the term- f D e f i n i t i o n s .  
"(1) 'oil- mea~ls oi of nny kind or in my form, illcl~lding. 1)ut. 

not limitrd to. prtroleum, fuel oil, sllldgc. oil rrfuw! rind oil mixed 
wit11 ~vnstrs otllcr thnn dredged spoil ; 

" ( 2 )  'di~~llnrge' incl~tdrs. but is not lirnitrd to, nny spilling, 
l(~nlz~ng, pum h g .  pollrillg. clmitting. rm1)tying or dlrmpi~lg: 
"(! 'rrssC(' mrnns rrrry drrription of 11-atcrcraft or other 

~l r t i f~c~nl  contrirnncc ~lscd. or cnpnblr of bring ilscd. as n mrnns 
of tr.nnslwrtntion on watrr other than n public vcsscl: 

" (4)  'public \.rssrl' mrans a vcssel owned or bareboat-chartrrcd 
nntl o l~ rn tcd  by the United Statrs, or by a Stntc or politic.al sub- 
division thereof, or by n foreign nation, except vhcn sllch vcssel 
is cngnged in commrr6e ; 

" (5) Llrnitrd States' menns thc States. thc District of Colunll)in, 
t.hc Commonwealth of Pllclto Rico, tllr Cannl 7fine, Gl~nm, Anirr- 
icnn Snmon. tllc Virgin Islands, and the Trust Territory of tllr 
Pncific Islands; 
"(8) 'o\vncr or olwrntor' mrnns ( A )  in thr cnw of n ressrl, ally 

l>erson owning, opernting. or cllartcrin,n by drmisr. snch vessel, 
nnd (n)  in the case of an onshorc fncilitp, nnd all offshorc facil- 
ity, nuy person omnin or o crnting such onsl~orc fncilitv or 
offshore facility, nnd (8) in tfic case of any nbnndoiled offshore 
fncilit~. the prsnn ~ h o  owned or oprratrd srlch facility in~mcdi- 
ntclv prior to such ~brtndonmrnt : 

" ( 7 )  ' wrsonl incl~ldes an indirid~~nl. firm. corpontio~l. nssm-in- 
t ion. all4 n l,nrtnrrsl~ip : 

"(8)  'rcnlovcl or cr~moval' rcfrrs to rrnlovnl of lhc oil or 11nz- 
nrdo11.s sllbstn~lees from thr wntrr nllrl shorrlinrs or thr tnkinp of 
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is or)rrnt.i~~er of iiot. morr than 85.000 for each otfe~isc. S o  ~ ) e ~ ~ t ~ l t \ .  s11:111 . ~- ~ 

be nsscssed~~~ilcss the owner or  operator cbnrgrd sltnll I~n\:e I,rc~i f i i v ~ i ~  
noticr and o port~lnit,y for a I~enring on s11cl1 cl~arge. Ench violat.ion is 
a sapnmt. oRnse. A I I ~  such civil penalty mny be compron~ird IJY s i i c ~ ~  
Secretnry. In  deternl~ning the nmo~mt of the pennlty, or the amo~uit 
agreed 111)on in compromise, tlie nppropriatcnrss of such penalty to the 
slze of the b~~s i l~ess  of the owner or operator cltarged, t.he effect on tlie 
owner or opcrntor's ability to continue in business, and the grnvity of 
the violation. slinll Ix, considered by sucl~ Se.cretnry. The Secretary of 
the T r m s ~ i y  shall withhold at tlie request of s ~ t r l ~  Secretary the clenr- 
ante rcql~ircd b scction 4107 of the Revised Stntutes of t.he United 
Statrs, as amended (46 U.S.C. g l ) ,  of a11 vesse,l thr owner or operator 
of wl~ich is s ~ ~ l ~ j e c t  to tlie forrgoing pennf&. Clearnl~ce may be. granter1 
111 such cases upon t . 1 ~  filing of n bond or ot.11cr siirrty sat.isfactory to 

Disohargo in to  
U .S. navigable 
waters, removal. 

%ti om1 
Contingemy 
Plan. 

s11c11 Secretary: 
"(c) (I) l ~ l ~ m c v e r  any oil or n Iinxnrda~~s s11l~tn11c.e is discharged, 

into or I I ~ O I I  tile ~iavigable l ~ n t e ~ s  of t,lie United States, adjoining 
sliorrlines. or int:~ or lrnon the waters of the cont.imiol~s zone, the Presi- ~~- - ~ - ~ .  - 

dent is authorized to jct to remove or arrange ffo the remoGnI of snch 
oil or strbstance at any timr, unless he dctcrmines such removal will be 
(lone properly by the owner or operator of the vessel, onshore facility, 
or offsllore facility from wllicll the discharge o c c ~ ~ ~ ~ s .  

"(2) l\Titliin ~ i x t . ~  dnys n fb r  the effrctive dnte of this sect,ion, 1.11~ 
I'residr~it sl~all pre are nncl pi~blislt a Nntionnl Continwncv Plnn for 7 1.emova.1 of oil nnd lazardolls s~~bstnnces, p u r s ~ l a ~ ~ t  to &is suhcction. 
Sr~cll S~ t ionn l  Co11ti115cncy Plan sliall provide for r.fic,ic~~t, coordi- 
~~n ted ,  m d  cflrctirr. act,~on to- mil~imizr, damage from oil and liaxnrdo~~s 
s~ibstnncc discl~nrges, including containment, dis ersnl. and rrnloral of 
nil nnd Iinznrdo~~s suhstancrs. rind sliall incl~~dr.  gut not br linlitrd to- 

"(A)  assip~mcnt of duties nnd rrsponsibilitirs among Federal 
dcpartmcnts and ngrncies in coordinntiol~ with State n~id  local 
nge~icirs, i~~cl~iding,  but not limited to, m-nter pollnt.ion control. 
conserrntion. rind port ni~tlioritirs-; 

"(13) identification, procurement, mninte~~n~~ce,  nnd stornge of 
e q ~ ~ i p m r ~ ~ t  and s~~pp l i r s ;  

"(C) rstnblishmcnt or designntio~~ of n strike force co~tsistil~g 
of crson~~cl who shall be trninrd, prepared, and avnilnble to pro- 
ri& ncnsnry  services to carry out the Plnn. incloding the  tab- 
lisl~ment at  major ports, to be determined by the President,. of 
emergency task forces of trained personnel, adequate oil and hnz- 
arclous substnnce pollution control eq~~ipment and mat.erial, and 
n detailed oil nnd hnxnrdo~ls stibstnnce polllltion prevention and 
i~movnl plan ; 

'((I)) a system of surveillance and notice designed to i11s1o.e 
earl~est. possible noticr of dischnrpes. of oil nnd l~nzarrlous sub- 
stancrs to the appropriate Fedcrnl agency; 

"(E) rstablishmcnt of a national ccntrr to provide coordinatioi~ 
,111rl direction for operations in cnrryinp out the Plnn; 

 procedures n?d techniques to be employed in identifyi~~g. 
conta~n~ng. dispers~ng, and removing oil nnd hnznrdo~~s 
substa~~ces ; 
"(G) a schednle, prepared in coo erntion with the States, iden- 

tifying (i)  dispersants nnd other c\e.nlicals, if nny, that map be 
11ser1 ill cnrrving out the Plnn, (ii) t.11~ wnt.ers in which such dis- 
persants a ~ i d  cllemicnls mny be used. ant1 (iii) t,he quantities of 
stlcll dispcrsant or cllemicnl which can be i~scd safely in s11c11 
11-ntrrs, which schedule shnll provitle in the. cnse of any dis ersant, B chemicnl, or wnters not specificnlly identified in snch scl~o 111e that 
tlie Plrside~it.! or Ilia delrgntr, mny, on a c.nsc-by-cnse hnsis, iden- 
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tify bl~e dis ersniits and other chemicals whicl~ may be used, the 
\vnte.rs in \v 71 ich they may be used, nnd the quantities whicli cnn 
be used safely in such waters; ~ n d  
"(IT) n s7ste.m whereby the State or Statcs nffeckd by a dis- 

cha~.ge of 011 or hazardous substance ma nct where necessary to 
remove s~ich dischnrge and such State or {tabs may be reimbursed 
from the fund establisl~ed under subsection (k) of this section 
for the reasonable costs incurred in such removal. 

The P~~esident may. from time to time, as he deems advisable revisc or 
otherwise amend the Nntiond Contingency Plan. A h r  publication 
of the National Contingency Plan, t h e  removal of oil and haznrdcus 
substni~css and nctions to minimize damage from oil and haznrdous 
substance discharges shall, to the peatest extent possible, be in accord- 
ance with the National Contingency Plan. 

"(d) Wl~enevcr n marine d~saster in or upon the navi able lvatcrs Madti,, .? die- 
of the IJnited States hns clrnted a substa~ltinl t l ~ n a t  o f a  pollution u t e r  d i s o ~ ~ r ~ e .  
hnznrd to the public lienltli or welfare of the United States, including, 
but not limited to, fish, shellfish, and wildlife and the public and prl- 
vate shorelines and. beaches of.tho United States, because of a dis- 
charge, or an imminent tlischarge, of large quantities of oil, or of P. 
Iinzardo~~s substance from a vessel the United States may (A) coordi- 
nate and direct all public and private efforts directed a t  t.he removal 
or elimination of such threat; and ( B )  summarily remove, and, if 
necessary, destroy such vessel by whatever means are nvailnble with- 
ant regard to any provisions of law governing tlie em loyment of 
lx~aon~tel  or the expen(iitt~~re of appropriat~d funds. I n y  ex cnse 
incurred 1111der this slibsectio~~ shnll be n cost incurred by tho &ited 
States (tover~imcnt for the purposes of subsectio~~ ( f )  in the removal 
of oil or hnznrdous substn~ice. 

"(r)  In addition to any othsr action tnken by a St,nte or local p v -  Relief .  
el-nme~it. when the President determines there id an imminent nnd sub- 
stantinl threat to the public health or welfare of the United St.ates, 
including, but not limited to, fish, shellfish, and wildlife and public and 

rlvnto property, shorelines, nnd benches withiii -the United States, 
eecnlisr of nn nctl~al or t.hrentrner1 disclinrge of oil or hrznrdolis sub- 
stance illto or upon the navigable waters of the United States from an 
o~~shors  01- offshore facility, the PresidGht may requim the United 
States atto~.ncy of the district in \vhich%he threat occurs to secure 
s~icli relief ns mlly be, liecessn to abate sucl~.threat, nnd the district Jurlsdiot lon.  
courts of the. United Stntar sh% have jurkdictiai to grant such relief 
ns the p~tblic in te l~s t  and the equities of thk cnse may require. 

"(f) (1) Escept ahere an owner or operntor can prove that a dis- U a b i l i t y .  
chnrge wns cn~~setl solely by (A)  all act of God, (B) an act of war, 
(C) ~~eglige~ice on the part of the United States Goven~ment, or (D) 
an act or omission of a tliird party without regard to whether any 
st~ch nct 01. omissiol~ was or was not ~ieglignt,  or any combination of 
the fore oing clauses, such owner or operator of nn vessel from which 
nil 01. n%aznrrlous substal~ce is dischnrged in vioction of subsection 
(b)  (2) of this section slinll, 11ot withstanding any other provisio~~ of 
Inw, be linble to the TTnited Stntes Governme~lt. for the nctunl costs 
inc~~~.red  ~~ntlel. s~tbsectio~i (c) for t.he removal of such oil or substance 
by the United States Government in an amount not to exceed $100 
per gross ton of s~tch vessel 01. $14,000,000. whichever is lesser, except 
that, nlirrr. the. United St11t.e~ can show t.hnt srlcli disclinrge wns thr 
rrst~lt of \villful negligence or willf111 misconduct within the privity 
t111d I~~io\vlctlgr of t,lie owner. such ou-lier or oprrntor sl1n11 be liable 
to the T'nited States Ciover~lment for the full amount of such costs. 
Such costs shnll constitute a rnnritime lien on such vessel which may 
I,r recovered in r n  action in mm in the district c o ~ ~ r t  of the United 
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Exmp3i on. 

Report t o  
Congresfi.' 

Establishment. 

Pub. Law 92-500 - 60- October 18, 1972 

"FEDERAL FAOILITIES POLLOTION COXTROL 

"SEC:. 313. Each department, agency, or instrumentality of the execu- 
tive, legislative, nnd judicial branches of the Federal Government (1) 
liaving jurisdiction over an property or facility, or (2) engaged in 
nny activity resultil~g or  nKich ma result, in the discharge or run- 
bH of pollutants shall comply wit{ Federal, State, interstate, and 
local requirements respecting control and abatement of polliltion to 
the same extent that an person is subject to such requirements, 
including the pqment  oPreasonable service charges. The President 
)nay exempt any effl~~ent source of any department, agency, or instru- 
inentnlity 111 the executive branch from compliance with any such a 
req~iirement if he dotermines it to be in the paramount interest of t,he 
Cnited States to do so; except that no exemption mny be ranted from 
the requirements of section 306 or 307 of this Act. NO S U C ~  exemptions 
slinll bo granted due to lack of appropriation unless the President 
shall have specifically requested such appropriation as a part of the 
I)nd~et.a~y process and the Congress shall have failed to make avnil- 
able such requested ap1)ropriatioii. Any exemption shall bo for a period 
not in excess of one year, but additional exemptions may be granted 
for periods of not t.o cxceed one year n on the Prcsident?~ mnkin 
~ierv dete~.milmtion. Tlie I'resident shn~B r e p ~ r t  each January to kt 
Congress all e.xemptions from the requirements of this section granted 
during tlie preceding cnlendnr yenr, together with his reason for 
gr1111ting such exemption. 

"CLEAX. LAKES 

'LSa. .  314. (a) Each Stnte shall prepare or establish, and submit to 
t.l~e i\dministrator for his npproval- 

"( !). nil identificntioi~ and classificntion according to eutrophic 
co~itlitioil of all pnblicly owned fresh water lakes In such State; 

"(2) procwlnres, processes, and met,hods (includin land use 
re  ireme me its), to control sources of pollution of such fakes; m d  

methods and procedures, in conjunction with appropriate 
%lernl agencies, to restore the quality of such lakes. 

"(b) The ,idmi~~istrator shall rovide financial assistance to States 
il l  olr ln to carry out metl~ods anXproredures appmved by him under 
tliis section. 

"(r) (1) The t~mount granted to pny State for an fiscal yenr under 
this s ~ c t i o ~ i  shall not exceed 70 per centum of the Xnds expended by 
s11c1i Stnte in such year for carrying out approved methods and pro- 
cednres under this section. 

"(2) There is allthori7~d to be appropriatd $50,000,000 for the 
tiscnl year ending .T~~ile. 50. 1973; $100,000,000 for the fiscal yenr 1074; 
and $160.000.000 for the fiscal year 1975 for rants to States under this 
section lvllich snch sums shall remain nvaifable until expended. The 
hrlmi~iistmtor shall rovide for an equitable distribution of such 
alms to tlie States xi& appmved methods and p d u r e a  under this 
section. 

"X.\TIONAI. n'rcmy L.OBI~\LIBRION 

"SEC?. 815. (11) There is established rt National Study Commissiol~ 
\vhich shall make a full and com lete investigation and stud of nlf 
of the t~cI~noIogical 1~5pectsof ncRieving, and nll nspects of tge toti1 
(~conomic. socinl. aiid e~ivironmentnl effects of achieving or not achiev- 
iug. the etlhicnt limitations and goals set forth for 1983 in section 
:!01 (L) (2) of this Act: 

"(b! Such Commission shall be composed of fifteen members 
including five members of tho Senate, who are members of the ~ u b l i i  
llTorks conin~ittee. appointed by the President of the Senntc, five mem- 
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Intrs of tlie I1o11se. wlio nrr m c ~ ~ ~ b e r s  of tllc Public Works conlmittrc, 
nppointed by the Spcnker of tlie House. and five menlkrs of the pt~blic 
nppointed by tlie Yrcsident. Tlie Phnirninn of slich Con~mission shall 
be elected from aniong its n~eli~bcrs. 

"(c) In  t l i ~  ~ ~ ) ~ i d i ~ c t  of s ~ ~ r l i  stody. the Commission is nutllorized to 
co~itrnct \vitli tlic Sntionnl ,\cndm~y of Sciences and the Sntional 
.\cademny of I.:~~giiiee~.i~rg (nctirig through the Sntioilnl Research 
Council), tlir. Sntio~ial I~istitiite of Ecology. I~rmkings Institution, and 
otlicr ~~o~igorerntiic~~itnl entities. for the invcstigntio~l of mnttcrs within 
their con~br~eiice. 

"(d) The licnds of the del)nrtiiiei~ts, ngencies and instrume~itnlities 
of t.lie executive brnnch of tlie Fede~*al Governnieilt shall cool)erate 
with the Commission in carrying out the re uirements of this section, 
nnd sl~nll frlrnisli to the Conin~ission a s h  inlonllntion as the Commis- 
sion deems liecessnry to carry out this section. 

"(e) A report sl~all bc s~~bniittc,d to tho Congress of the results of 
s~ic,li ilivestientiol~ aild stiidv. tocetlirr with recon~n~endntio~~s, not lntcr 
tl~nn tl~rcc yiars after the d i k  o'f rl~nctnicnt of this title. 

" ( f )  Tlic n~ciiibcix of the Co~i~~ i~ i s s io~ i  who arc not officers or 
cli1~16~ees~of tlle 1~kitcd states,-while attending confereilces or meet- 
i i ~ g  of tlie Co~n~nission or while otlicrwisc serving nt the request of the 
Cliairman sliall h c~ititlcd to ~.eccivc comlwl~snt,io~l nt a ratc not, in 
excess of tlie mnxiniti~n rntc of pay for gmdc GS-18, as provided in 
tlio Genrrnl Sclied~ile under section 5332 of title V of the 111iitcd Stntcs 
Code, incliidi~ig tmvcltimc. nild while away from their ho~nes or repulnr 
plnces of business they ]nay be allo\ved trnvel expenses, i~lcl~idin pcr 
diem in lie11 of subistcnce as m~tl~orixed by llnv (I U.S.C. 73b-27 for 
pc~sons in the Go\-c.rnincnt. service e~~~p loyed  intrrmittently. 
'L( ) There is nutliorizcd to be apl)rol)riatcd, for use in carrying 

out tfis section, i ~ o t  to exceed $16,000~000. 

"TIIEIL~~AL DISCHAROES 

"SEC. 316. (a) With respect to any point soureo other\vise,slibjcct 
to the provisions of section 301 or sect~on 306 of this Act, whenever 
tho owner or operator of any sucll source, after opportunit? for public 
hearing, cnn de~noijst.rato to the satisfaction of the Administrator (or, 
if appropriate, tlie Stnte) that any cflnent limitation proposed for 
tlie cont~.ol of tlie t.l~e~.mal component of any discl~nrge from such 
so~irce mill rccl~~ire elllue~it limitnt-ions more stringent than i1ecessm.y 
to nssure the pl*o'ect,ion n ~ ~ d  propngntion of a balanced, indi nous 
pop111at.io11 of she/lfisli, fish. and wildlife in and on the body o g a t e r  
llito wl~icll tlie discharge is to be made, the Administrntor (or, if 
c~pl~inl)~-ittte. die Statr) ~nnv impose nil cfffllent limitation ~inder such 
srctio~ls for such lnnt. with respect to the thermal component of 
sucl~ discliargc (tn 'i ing into nccoiint the interaction of such tl~ermnl 
compo~ient with other pollutnnts), t.11at mill assure the protection 
nnd pro a~nt ion of n balanced, indigellous population of shellfish, 
fish. anxwlldlife in and on that body of water. 

"(b) Any standard established pursuant to scction 301 or section 
306 of this Act and applicable to a poilit source shall rqui re  that the 
location, design, construction, and cnpacity of cooling water intake 
~ t ~ r ~ ~ c t u r c s  reflect tlie host t.echnology nvnilnblc for minimizing adverse 
c~iviroiimcntal impact. 

i'(c) Sot.witlistaiidii~g nny other provision of this Act., nny poi:~t. 
source of a discl~arge having a thcrnmnl component, the modificnt.ion 
of which point soilrcc is con~menccd aftcr tho dntc of cnnctmcnt of 
the Fcderal Wnter Pollution Control Act Amendments of 1072 nrtd 
which, as modified, meets emucnt limitntions estnblishcd under sec- 
tioil 301 or, if more stringent, cfnuent limitations established under 
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section 308 and which eHlucnt limitations will nsslua protection and 
pro agation of a balanced, indigenous po ulation of shellfish, fish, 
anb)\\ildlife in o r  on the water into which tie discharge is  made, sllnll 
not  bo subject to any more stringent cffluent limitation with respect 
to tho thermal component of its dischnrgo durin rr ten year period 
beginning on tho data of completion of such mofification or  during 
the period of depreciation o r  amortization of such facility for  the 
purposc of section 167 or  169 (or both) of the Internal Reveniie Code 
of 1951, whichever period ends first. 

L L ~ ~ ~ . 4 ~ ~ ~ K ~  STUDY 

"SE(:. 317. (n) Tho Administmtor s l~a l l  continue to  investigate and 
study the feasibility of nlternntc methods of financing thc cost of 
preventing, controll~ng and abating polliltion as directed in the Water 
Quality Imp~~ovement Act of 1970 (Public L a w  91-224): including, 
but not lin~itcd to, the feasibility of establishing a pollution abatement 
trust fund. The results of such investigation and study shall be 
reportetl to the  Congress not Inter than two yenrs after cnnctmcnt. of 
this title, together with recommendntions of the Administrator for  
finnncinp tho programs for pmvcnting, controllily nnd abating pollu- 
tion for the fiscal years beginning a f k r  f i s z l  yenr 1976, incllid~ng any 
Iiecessnrv legis!ntion. 

"(b) There 1s nuthorizd to  be approprinted for  use in c a v i n g  out. 
this sect~on. not to cxwed $1,000,000. 

".\QUACC'LTURE 

"SEC. 318. (n) Tlic Adln i~ l i s t r to r  is authorized, nfter public hear- 
i n g ,  to prnni t  the discharge of a specific pollutnnt o r  poll~ltnnts under 
coiltrolled conditiolis asjociated with nn approved nqunculture proj- 
ect, under Fedeml o r  Stnto supervision. 

"(b) The Administrator shall by regulation. not later than dnnu- 
ary 1. 1974, estnblish nnp procrd~ircs and guidelilles ho deems neces- 
sary tr! cnrrv out this scctlon. 

"TITLK IV-PERMITS -4ND L I C E X S E S  

"CERTIFICATION 

L L S ~ ~ .  401. (a)*(!) Any n p l i a n t  fo r  n Federal licensc o r  permit t o  
condnct any ac t lv~ty  mclu8ng; but not l i m i M  to. the construction or  
operation of fncilitics, which may icsult in  ,any dischnrge into the 
~lavigablo wnters, shnll provide the licensing or  pcrmitting agency a 
certification fmm the State in which the discharge originntcs o r  will 
originate, or. if nppropriate, from the interstate water pollirtion con- 
trol ngency having j~lrisdiction over the navigable writers nt the point 
where the discliargc originates o r  mill originah, th&t any such dis- 
clinrge will comply with the npplicnble provisions of sections 301,302, 
306. and 307 of this Act. I n  the m.se of any siich activity for which 
tliere is  not all applicablr effluent limitation or  other limitntion under 
sections 301 (h) and 302, and there is not nn npplicnble standard under 
sections 306 and 307, the Statc shall so certify, except that  any such 
ccrtification shnll not be der.mec1 to sntisfy section 511(c) of this 
.ict. S ~ i c h  Stntc or interstate ngcncy shall estnblish procedures for  
puhlic notTim in t,hc cnsc of all npplicntions for certifimtion by i t  and, 
to the, cstcnt i t  dcrms appropriate, proccdurcs for public h w r i n p  in 
conncction witli s ecific nppli~ttions. J n  nny case whero a State o r  
interstate ngency i n s  no authority to  give such n certification, such 
certificntion shall bo from thc Administmtor. I f  the Statc, inters tab 
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ngency, o r  Administmtor, ns thc case may bc, fails o r  refrrsrs to act. 
011 n rqncs t  for  ccrtificatioll, witliin a roasonnbic periotl of tilno 
(which sllnll not escecd onc year) after rcccipt of sucll rcqr~cst, the 
certificntion requirelncnts of this subsect~io~l shnll be \-iaived \\-it11 
respect to such Federal applicatiol~. No lice~lsc or pcrlnit sllall bc 
granted .until the ccrtificatioll reql~ired by this section has brelt 
obtained or  has beell waivcd as  provided in the preceding sentcbnct. 
No license or  pcrmit shall be gmntccl if certificatio~l has bccn denied 
by. tllc Statc, interstate agency, o r  the Admillistrator, as  thc cnse 
may be. 

" (2) TJpon rcccipt of s i~ch npplicntion nnrl ccrt i f icat io~~ the, licens- 
ing o r  pcnnit t i~ig agency sllall ~mmcdintely notify tho Xtllninistrator 
of such npplicatlon and ce.rtificatio~l. FVllcnever such a discllarge lllay 
vffect, a s  detcnnincd by the Administrator, the quality of the watel .~ 
aE ally otllcr State, thc Administrator within thil-tp tlnys of the dntc 
o f  liotice of applicntioll for such Fe.dc~*al lic,cl~sc or permit s11:1ll so 
notify such o t l~cr  State, tho l i ccns i~~g  or  ~~t :~n l i t t ing  ngcncy. m ~ d  tllc 
applicn~it. I f ,  within sisty days n f k r  rrmipt of such notification, suc11 
other Stnte d e t e r m i ~ ~ r s  that  sr~ch discharge will affect tho qua1it.y oaf 
its wnters so ns t o  vio1at.c ally water quality rcquircmcnt in s ~ ~ c h  St:ltr., 
ant1 within such sixty-day period notifies tllo Administrator nnc! the 
licensing or  permitting agcncy in writing of its ob jec t io~~ to the  I ~ S I I -  
unce of such licensc o r  pcrmit and r e q l i e ~ k  a publlc hearing on sucll 
objection, the licensing or  pcrniitting ngency shnll hold such a 11rar- 
ing. The Administrator shall a t  such hcaring subniit his e.val~!ation 
rind reconlmentlntiolls with rcs cct to  nny such objoctlon to the hcens- P ing or pcrmittillg agency. Suc I agcncy, b , d  rlpoll the rccommcndn- 
tions of such State, thc Administrator, and upon any addi t io~~nl  
cridcnce, if any, presented to thc agency a t  t.110, hearing, shall conclif ion 
such license or  permit, in such manner as may be nccessnry to  insure 
colnplinncc with npplicnblc wntcl. quality rcquiremcnts. I f  thc imposi- 
tion of conditions cannot insurc sllch co~npliancc such agcncy shall not. 
issl~e such licensc or permit. 

'L(3) Tho ccrtificat,ion obtained pursrinnt to  p a r a p p l l  (1) of this 
sr~bswtio~l  witli resprct. to t,hc construc.tion of any faci l~ty shall f11lfi11 
the rcquircments of tllis subswtion with rcspect to =rtificnt.ion in con- 
llcctioll with any other Fedcral license o r  pcrmit requircd for thc 01)- 
caration of such facility unless, after notice to  the certifying St:~tc, 
agency, o r  Administrator, as  tllc casc may bc, which shnll bc fl.1\.Cn 
by the Federal ngcncy to whom application is  mntlc fo r  such opcrating 
license or  permit, tho Statc, o r  if appropriate, the interstate agcncy,or 
the Administrator, notifies such agency within sisty days after rec r~pt  
of such notice that  t l ~ c r c  i s  no longor rensonablc assurance that  
t,llerc mill bo compliance with the applicable provisions of sections 
301, 302, 306, and 307 of this Act bccauso of changes since the con- 
struction license or  permit ccrtification wns issned in (A)  the con- 
struction or  operation of thc facility, (13) the cl~arnctcristics of thr  
~ a t c r s  into which such discharge is made, (C) the mntcr qr~ality 
criteria npplicnble to such waters o r  (I)) a p  licable effluent limitn- 
tions o r  o t l ~ e r  roquiremcnts. This  pamgraph %all be inapplicable in 
nnv caw where the nppllcant fo r  mich operating license or  permit has 
failed to  providc the certifying Statc, or, if appropriate, the inter- 
state agcncv o r  the Administmtor, with noticc of any propcxsed 
chmlgcs in the construction or  operation of t.hc fncility with rrspcct. to 
mhich n construction license or  pcrmit has h e n  gra.~lte(l. wllic.11 
changes may res~ilt  in  violation of section 301,302,306, o r  307 of this 
Act,. 
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stnblishin specificntiol~s for snfe tmnsportution, I~alldlillg, carringe, 
stornge, an~stowage of pollutal~ts. 

IL(h) I n  the event any condition of a permit for disclisrges from a 
trentment works (ns defined in section 212 of this Act) rrllich is 
~n~blicly owned is violated, a Stnte wit11 a program ap  roved under 
subsect~on (bl of this section or the Administerator. wlere no Stnte 
program is np'pmved, mn proceed in a court of colnpetent jurisdiction 
to restrict or  arohibit tKe introduction of anv ~ol lu tant  illto such 
trentmel~t worts by a source not utilizing such freatment works prior 
to the findingxthnt such condition was violated. 

"(i) Nothing in this section ellall be. construed to limit. the author- 
ity of the Administrntor to take ilction purs~~nnt  to section :%OD of tliis 
Act. 

"(j) A copy of each permit a plicatioll nnd enc11 permit issued 
tinder this section slinll be nmilabk to t l ~ c  ul)lic. Such pcnnit nppli- 
cation or p m i t ,  or  portion tilereof, sliaR further be nvnilnble on 
rcqucst for the purpose of reproductioli. 

"(1;) Compliance with s permit issucd pursuai~t to tliis section sl~clll 
be deemed compliance, for urposes of sections 309 rind 505, with sec- 
tions 301, 302, 806, 307, a n ~ 4 0 3 ,  except nny s t n ~ ~ d n ~ - d  inilmsed illider 
section 307 for n toxic pollutant injurious to human health. Until 
Dccember 31,1974, in ally case wl~cre a permit for dischnrge ]ins been 
applied for ursunnt to tl~issection, but hnal administrativedispositioi~ 
of sucll *pp!hntioll has not been aindc, such disrhnrge sllall liot bc n 
violation of (1) section 301, 306, o r  402 of this Act, or  (2) section 13 
of tlie Act of March :3 1899, unless the Adlnil~istrator or other plain- 
tiff roves that film1 ndnliliistrntive dis )usition of slicIl applicntion ]ins 
11ot Eeeli lnadc because of tlic faillire 01 the applicnnt to furnish infor- 
mation i~cnsonably required or reqiiested ill order to process the appllcn- 
tioli. For the 180-day period begil~liing 011 tlie date of cliactlnei~t of tho 
Federal Water Pollution Control Act Amendments of 1972, ill tlie case 
of nny point source dischnrgil~g nny poll~~tant  or combilintioi~ of pol- 
lutnnts immediately prior to such dnte of enactment which source is 
not siibject to section 13 of the Act of Jinrch 3, 1899, the discharge by 
s~ich solirce sliall not bc n violation of this Act if sucli n source npplies 
for? ermit for disclinrge pursuant to this section \\-itliili silch 180-dny ,lloe 

"OCG\N DISCl3ARCE CRITERIA 

"SEC. 40:3. (a) NO perniit llndcr section 402 of t!iis Act for a discl~arg? 
illto the territorial sea, the waters of t11c contiguoiis ZOIIC, or t11e ocealls 
shall be. issued, nfter p r ~ m i i l g i ~ t i ~ ~ i  of guidelines estnblished under sub- 
section (c) of this sectiol~, except ill con1 linl~cc with slirh piidelincs. 
Prior to the pmniulpntiol~ of sucl~ gilidc~lres n permit mny b i m r d  
under suc11 scction 402 if tllc .itlministrittor deterlnilies it to be ill the 
l)r~blic inter&.. 

.'(b) Tlic requircmelits of siibsectioll (d )  of sectio~i 4Ik? of this ,fct 
I I I ~ L ~  not lw waived in the case of permits for tlischnrgrs into the 
territorial sen. 

"(c) (1) The Administrator shiill, aitllill one hundred llnd (lighty 
days nfter enactment of tliis Act (and from time to time thereafter), 
!~romulgnte giiidcli~~cs for deteimining the dc radntion of tlic watcrs 
of t ~ i c  territnrinl seas, the col~tipioiis zolir, rllRnle necms. r l ~ i c h  SI,.II 
include : 

" (A)  the effect of disposi~l of pdliitants on I ~ I I I ~ ~ : I I I  Iic:~lth or 
~vclfnrr, illcludinp but not limited to plnnkton, lisli, shcllfisli, wild- 
life, shorelines, nnd beaches ; 

"(1%) the effca of rlisposal of pollutants on mariiir life inclnd- 
ing the trnnsfer, cnnccntrnti~n, and d i s p r n ~ l  of po l l i~ t a~~ t s  or  tlieir 
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byproducts through biological, physical, and cllcmicnl processes; 
cllanges in marine ecosys+m diversity, productivity, nnd st.sbilit-y ; 
nnd s ecies and community po ulation chnngcs. 

(& the street of disposal, o!pollutnnts on estketic, rcercntion, 
and economic vnlues; 

(&(D) the persistence and permanence of the effects of disposnl 
of 6pollutnhts; 

(E) the effect of the disposal a t  varying rates, of particulnr 
volumes and concentrations of pollutants: 

" (F)  other possible locations nnd mc thds  of disposal or recy- 
cling of pollutaiits including Innd-based alterliatives ; and 

It(?) t110 effect on nlternate uses of the ocenns, siwh as mincrnl 
cxploltntion alid scientific study. ' 

"(2) I n  any event wlierc insufficient informat,ion cxists on nny pro- Prohibition. 
roped dlschargc to make a reasoonblc judgmcnt on any of the guide- 
ines establishcd pursuant to this subsection no permit sllnll be issiled 

undcr section 402 of this Act. 

L L ~ ~ ~ A f ~ ~ ~  FOR DREDOED OR IYLL XATERIAL 

"SEC. 404. (a) Tlic Secretary of the Army, acting through the m i e f  N o t i o e ~  heaping 
of E n  ineers, may issuc permits, aftcr noticc nnd ~pportunit~y for Oppo*u"if~* 
public%earings for tho disqlinrge of dredged or fill material into the 
navi nble watcrs a t  s ccified disposal sites. '.(f) Subjcct to sll~section (c) of this scction, end, such dis osal 
site shall be spccificd for each such pcrmit by the Sccretnry of tlie A n y  
(1) through the applicntion of guldclines dcvcloped by tllc Adminis- 
trator, in con'unction with the Secretary of the Army, whic11 quide- 
liacs shnll bc laced upon critcria comparable to rho criteria nppllcable 
to t11o territorial scas, the contiguous zone, rind tho ocean under section 
403(c), and (2) in any case where such guidclincs undcr clnuse (1) 
nlone would prohibit the specification of a site, through tlic applicn- 
tion ndditionally of the economic impnct of the site on navigntion a11d 
nnc holsage. 

"(c) The Administrator is authorized tn prohibit the specification Disposal s i t e ,  
(incliidil~g tho withdrawal of specifiation) of any defined nrcn ns n ~ p e o i f i o a t ~ o n  
disposal site, and he is authorizcd to deny or restrict the use of nny 
defined nrea for smcification (including the n-ithdmmnl of spccifica- 
tion) 11s n disposnl'site, wlicnever hc dete?n~iiies, nftcr noticc and oppor- 
tunitv for ~ r ~ b l i c  hearinm. that tllc dischnrge of sucll mnterinls Into 
such iren \fill have nn u$ce tnble adverse 6ffect on municipal wnter 
supplies, shellfish bcds nnd Eshcry brew (including spawning and 
breeding areas), wildlife, or recreational arens. nofore making such 
determinntion, the Administrntar shall consult with the Secretary of 
the Army. The Administintor shall set forth in writing nnd niake Findirgs of 
public 11;s findings and his rensons for making any cleterminatioll ~ c h i n i s t r a t o r ,  
iinder this slll)section. publioation. 

"SEC. 405. (8) ~otwithstandin any other provision of this -4ct or 
of any other law, in ally case f e r e  the disposal of sewng s l u d p  
resulting from tho o ration of a treatment works ns dcfined In scction f" 212 of this Act (inc uding the removal of in-place sewn@ sludge from 
ono location and its deposit a t  nnothcr location) would ~ ~ s ~ i l t  in nny 
l)ollntnnt from such scmnge sludge cntering tllc ~lnvipnble waters, 
siicll disposal is prohibited cxcept in nccordnilco wit11 n ])ernlit. issued 
by the Administrntor under this section. 
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APPENDIX TO SECTION 2.7 

L i f e  H i s t o r i e s  o f  Seven Most Abundant F ish  Species o f  C l inch  R iver  

White bass (Morone chrysops ) 

White bass seem t o  p r e f e r  a  c l e a r  water environment over one t h a t  i s  

s i l t y  o r  t u r b i d .  Usual t o t a l  length  measurements range from 25.4 cm t o  

30.5 cm (10 t o  12 inches) .  I n  t he  spr ing,  unisexgal schools o f  sexua l ly  

mature f i shes  are  usua l l y  formed which move t o  es tuar ies  o r  onto shoals 

f o r  spawning. Spawning f requent ly  takes p lace i n  t he  d a y l i g h t  and 

nearer  t o  t he  water  sur face than t o  the-bottom. Wi th in  a  popu la t ion  o f  

wh i te  bass, spawning can l a s t  f o r  5  t o  10 days. Eggs are re leased near 

the sur face o r  midwater and s ink .  These heavy eggs are adhesive and 

w i l l  a t t ach  t o  vegetat ion growing on the  bottom, upon boulders o r  

gravel .  Both the young and a d u l t  wh i te  bass are  carnivorous. Young 

f i s h  feed on o the r  f i s h ,  i n s e c t  la rvae and minute crustaceans. As t h e  

s i z e  o f  the  wh i te  bass increases, food preference becomes s t rong f o r  

f i s h  w i t h -  the  remainder o f  t h e  d i e t  cons i s t i ng  o f  mayf l ies,  crustaceans 

and aquat ic  insec ts .  ( 1 )  

G i  zzard shad (Dorosoma cepedi anum) 

On the average, g i zza rd  shad reach a  t o t a l  length  o f  25.4 cm (10 inches) .  

They commonly 1  i ve i n  1  akes , 1 arge ri vers , swamps, rese rvo i r s  , estuar ies  , 
brackish water bays and f loodwater  pools. ( 2 )  Spawning may occur from 

/ l \  

mi d-March t o  m i  d-August i n  1  arge r i v e r s  , ponds, sloughs and 1  akes . ' ' 
During a  study conducted a t  N o r r i s  Reservoir, Tennessee, g i zza rd  shad 

were found t o  spawn from May 15 t o  June 8. (3 )  S t i cky  eggs a re  l a i d  

which may d r i f t  w i t h  the  cu r ren t  o r  s i n k  t o  the  bottom and w i l l  a t tach  

t o  p r a c t i c a l l y  any ob jec t .  As a  young la rva ,  t he  g i zza rd  shad feeds on 

smal l  zooplankton. When the gu t  develops, t he  d i e t  then changes from 

zooplankton t o  smal l  algae. Adul ts  are herbivous and feed on algae, 

p ly top lank ton  and microscopic p lan ts .  ( 1 )  



Threadf in  shad (Dorosoma petenense) 

I n  southern s ta tes  t h r e a d f i n  shad have been repor ted  up t o  a l eng th  o f  

17.8 cm ( 7  inches) .  There may be two peaks i n  spawning, one -in t h e  

sp r i ng  and the  o t h e r  i n  f a l l .  Adhesive eggs are  l a i d  which a t t ach  t o  

such ob jec ts  as brush. .The predominant food i tems i n  t h e  t h r e a d f i n  

shad's d i e t  i s  plankton. (2 

Sauger ( S t i  zos t e d i  on canadense) 

Saugers a re  main ly  r e s t r i c t e d  t o  f reshwater  areas and less commonly t o  

b rack ish  waters o f  North America. There seems t o  be a preference o f  

h a b i t a t  f o r  t u r b i d  waters, e s p e c i a l l y  la rge ,  slow moving r i v e r s  and 

shal low lakes. An average t o t a l  l e n g i h  o f  25.4 t o  40.6 cm (10 t o  

16 inches)  i s  reached. Spawning usua l l y  occurs f o r  a two week pe r i od  i n  

t h e  spr ing,  commonly f rom t h e  end o f  May t o  t he  beginning o f  June. Eggs 
are s t i c k y  when f i r s t  l a i d ,  b u t  due t o  a hardening a c t i o n  o f  t h e  water, 

they become non-adhesive and semibuoyant. Nests a re  never b u i l t  by 

saugers. D i e t  f o r  younger f i s h  cons is ts  o f  var ious  stages o f  mayf l ies ,  

zooplankton and chironomid la rvae.  Food preference o f  adu l t s  inc ludes  

a v a r i e t y  o f  i nve r teb ra tes  and var ious small f i s h .  (1) 

Carp (Cyprinus & 

Ponds, rese rvo i r s ,  1 akes and slow moving streams are  comiiion h a b i t a t s  o f  

carp. (4 )  A t o t a l  l eng th  of 38.1 cm t o  45.7 cm (15 t o  18 inches)  i s  u s u a l l y  

reached by t h i s  species. When spawning occurs du r i ng  s p r i n g  and e a r l y  
summer, adhesive eggs are  l a i d  and become attached t o  grasses, r o o t s  and 

submerged weeds. Nests a re  never b u i l t  by carp. ( 5 )  As young f i s h ,  

carp feed main ly  on zooplankton and then as adu l t s  they become omnivorous. 

D i e t  o f  t h e  adu l t  encompasses zooplankton, phytoplankton, p l a n t  remains 

and bottom fauna w i t h  emphasis on chironomids. (2 



Smallmouth b u f f a l o  ( I c t i o b u s  bubalus) 

A  l eng th  o f  76.2 cm (30 inches)  i s  o f t e n  obta ined by  t h e  smallmouth 

b u f f a l o .  Th is  species u s u a l l y  occurs i n  s w i f t ,  deep waters o f  l a r g e  

r i v e r s .  Sloughs and shal  low areas con ta in i ng  weeds a re  p r e f e r r e d  loca-  

t i o n s  f o r  spawning i n  t h e  e a r l y  spr ing .  (6)  Both young f i s h  and adu l t s  

a re  bot tom feeders and they e a t  cladocerans and copepods. Adul ts  vary 

t h e i r  d i e t  s l i g h t l y  t o  i nc lude  o t h e r  food i tems such as algae and 

duckweed . (2) 

Sk ip jack  h e r r i u g  (A losa  ch rysoch lo r i  s) 

L i t t l e  in fo rmat ion  i s  known about t h e  spawning h a b i t s  o f  s k i p j a c k  

h e r r i n g .  However, spawning u s u a l l y  occurs i n  t h e  e a r l y  p a r t  o f  sp r i ng .  (7) 

D i e t  o f  young f i s h  i s  comprised ma in ly  o f  i n s e c t s  and t h e  a d u l t ' s  d i e t  

re1 i e s  h e a v i l y  on f i s h .  ( 2  
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APPENDIX TO SECTIONS 5.2 AND 5.3 

Dose Ca lcu la t i on  Models f o r  Assessment o f  Radio logical  Impact on Man 
and Other B i o t a  Under Normal Operat ing Condit ions 

GASEOUS EFFLUENTS 

EXTERNAL DOSE TO MAN AND OTHER BIOTA FROM RADIOACTIVE CLOUD 

The ex te rna l  dose t o  the  body o f  an i n d i v i d u a l  o r  organism ( s k i n  dose) 

from a  semi - i n f i n i  t e  spher ica l  c loud o f  noble gases and/or rad ioac t i ve  

p a r t i c u l a t e s  i s  g iven by: 

where, 

D = Whole body beta s k i n  dose, mrem/yr B 
x/Q = Annual average meteorological  d ispers ion  f a c t o r  a t  

a  downwind p o i n t  o f  i n t e r e s t ,  sec/m 3  

(A)i = A c t i v i t y  re lease r a t e  t o  the  environment o f  i so -  

tope, i , C i  /sec 

(Eg)i = Average beta energy o f  isotope, i, per d i s i n t e g r a t i o n ,  

as obta ined from Table 5.3A-1, MeV 

3.155 x  10'' = Factor  t o  conver t  mrem t o  - 
Y r  

The whole body gamma dose t o  an i n d i v i d u a l  should be computed based on 

a  s e m i - i n f i n i t e  spher ica l  c loud as given by: 



where, 

DY 
= Whole body gamna dose, mrem/yr 

x / Q  = Annual average meteorological d ispers ion  fac to r  a t  a 

downwind p o i n t  of i n t e r e s t ,  sec/m 3 

(A)i = A c t i v i t y  release r a t e  t o  t h e  environment of  isotope, 

i , Ci/sec 

(Ey)i = Average gamna energy of isotope, i, per  d i s in teg ra -  

t i o n ,  as obtained from Table 5.3A-1, MeV 

rem to mrem 3.155 x 10" = Factor  t o  conver t  
Y r  

For normal condi t ions,  t he  whole body popu la t ion  dose should be calcu-  

l a t e d  as: 

where, 

DP = Populat ion dose, man-rem 
Y 

D ( r  Ok) = The whole body gamma dose r a t e  t o  an i n d i v i d u a l  from 
Y j' 

a s e m i - i n f i n i  t e  spher ica l  c loud o f  r a d i o a c t i v e  gases 

and/or p a r t i c u l a t e s  i n  the  r a d i a l  increment r 
j ' 

azimuthal increment $k. This  dose r a t e  w i l l  be 

ca l cu la ted  by Equation 2. 

P ( r j ,  $k) = The popu la t ion  i n  r a d i a l  sec tor  r azimuthal sec tor  
j ' 

Ok 

= Factor  t o  conver t  mrem t o  rem. 

A summation over a1 1 r a d i a l  and azimuthal sectors w i l l  then prov ide an 

est imate o f  t he  t o t a l  popu la t ion  exposure DP from 0 t o  50 m i les  i n  u n i t s  
Y 

o f  man-rem. 



INHALATION DOSE TO MAN 

For normal opera t ing  cond i t ions ,  t he  i n h a l a t i o n  dose t o  t h e  whole body 

and t o  var ious  organs of an i n d i v i d u a l  from i n h a l a t i o n  of rad ionuc l ides  

i s  g iven  by t h e  equat ion: 

where, 

DInh = The dose r a t e  from i n h a l a t i o n  of isotope,  i, mremlyr 

x/Q = Annual average meteoro logica l  d i spe rs ion  f a c t o r  a t  a  

downwind p o i n t  o f  i nteres  t , sec/ni 3  

(A)i = A c t i v i t y  re lease r a t e  t o  t h e  environment o f  isotope,  i, 

Ci/sec 

(m) MPCa = Dose conversion fac to r ,  mremlyr per  pCi/cc, which i s  the 

maximum permiss ib le  dose (MPD) pe-r y e a r  d i v i d e d  by the  

maximum permiss ib le  concent ra t ion  i n  a i r  (MPC,) f o r  

isotope,  i. Dose conversion fac to rs  f o r  c a l c u l a t i n g  

i n t e r n a l  doses v i a  t he  i n h a l a t i o n  pathway are  tabu la ted  i n  

Table 5.3A-3. These f a c t o r s  assume an average brea th ing  

r a t e  f o r  an a d u l t  "reference man" i n  a  24-hour pe r i od  o f  

2.32 x  m3/sec i m p l i c i t  i n  t h e  (MPD/MPCa)i eva lua t i on  

based on cont inuous exposure. 

(CD) = A f ac to r  t o  account f o r  c loud dep le t i on  as a  f u n c t i o n  of  

the  downwind d is tance ( r )  and the  he igh t  o f  t he  re lease 

(h)  . R = 1.0 f o r  a1 1 elements except iod ine .  (1 1 



INTERNAL DOSES TO MAN FROM DRINKING WATER CONTAMINATED BY GASEOUS 
FALLOUT 

The concentrat ion C(1) o f  a i rborne p a r t i c u l a t e s  w i t h  h a l f - l i v e s  > 8 days 

from f a l l o u t  t o  nearby waters (such as r e s e r v o i r s )  i s  ca l cu la ted  as 

fo l lows:  

(TRN 
c(l) = (A)i (x/Q) 0.693 0.865 DEPT x l o 5  [1 - exp (-0.693,~~)l  (TRN). (5) 

where, 

C(1) = Concentrat ion o f  a c t i v i t y  o f  isotope,  i, i n  water, 
3  C i / m  o r  pCi/cc 

(A)i = The a c t i v i t y  re lease r a t e  t o  the  environment o f  

isotope, i, Ci/sec 

x/Q = Annual average meteorological  d ispers ion  f a c t o r  a t  a 

downwind p o i n t  o f  i n t e r e s t ,  sec/m 3 

(VDW)i = Deposi t ion v e l o c i t y  over  water  o f  isotope, i , m/sec. 

Values are  tabu la ted  i n  Table 5.3A-14. 

(TRN)i = Radioact ive h a l f - l i f e  o f  isotope,  i, days. Values 

are tabu la ted  i n  Table 5.3A-1. 

DEPT = Depth o f  t he  water, m 

TD = Durat ion o f  d ry  deposi t ion,  days 

0.865 x 1 o5 = Sec/day. 

The annual doses from d r i n k i n g  water from the r e s e r v o i r  w i t h  concentra- 

t i o n  C(1) as def ined above are: 



where, 

DWR = Dose r a t e  from i n g e s t i o n  o f  isotope,  i , mrem/yr 

C(1) = Concentrat ion o f  a c t i v i t y  o f  isotope,  i, pCi/cc 

(=) = Dose conversion f a c t o r ,  mremlyr per  pCi/cc, which i s  t he  MPCw 
maximum permiss ib le  dose (MPD) per  yea r  d i v i d e d  by the  

maximum permiss ib le  concent ra t ion  i n  water (MPCw) f o r  

isotope,  i . Dose conversion f a c t o r s  f o r  c a l c u l a t i n g  i n t e r -  

na l  doses are tabu la ted  i n  Table 5.3A-5. These f a c t o r s  

assume an average i n t a k e  o f  2,200 cc/day. 

TT = Elapsed t ime between removal of water from r e s e r v o i r  and 

inges t ion ,  days 

(TRN)! = Radioact ive h a l f - l i f e  o f  isotope, i, days. Values are 

tabu la ted  i n  Table 5.3A-1. 

INTERNAL DOSES TO MAN FROM INGESTING LEAFY VEGETABLES CONTAMINATED BY 
GASEOUS FALLOUT 

The concent ra t ion  o f  r a d i o a c t i v e  m a t e r i a l s  on l e a f y  vegetables i s  ca lcu-  

l a t e d  as: 

where, 

CLV = The concent ra t ion  o f  isotope,  i, i n  l e a f y  vegetables, 

pCi/kg 

YC = The y i e l d  per  u n i t  of c u l t i v a t e d  l and  area f o r  l e a f y  
2 

vegetable, kg/m . Data i s  presented i n  Table 5.3A--14. 



(TW)i = Environmental h a l f - l i f e  o f  isotope,  i, days. Ca lcu la te  

us ing  the  fo l low ing  r e l a t i o n s h i p :  

where, 

T = Radioact ive h a l f - l i f e  o f  i so tope 
P 

Tb = Weathering h a l f - l i f e  o f  i so tope 

Values o f  (TW)i are tabu la ted  i n  Table 5.3A-8. 

TGS = Length o f  growing season f o r  l e a f y  vegetables, days. Data 

i s  presented i n  Table 5.3A-14. 

(W) = (A)i (x /Q) (VDL)i x 0.865 x 10 5 

where, 

2 (W)i = Deposi t ion ra te ,  C i l m  -day 

(A)i = A c t i v i t y  re lease r a t e  t o  the envi ron-  

ment of isotope,  i, Ci l sec  

x/Q = Annual average meteor01 og i  ca l  d ispers ion  

f a c t o r  a t  a  downwind p o i n t  o f  i n t e r e s t ,  

seclm 3 

(VDL)i = Deposi t ion v e l o c i t y  over  land  o f  i s o -  

tope, i, m/sec. Values a re  presented 

i n  Table 5.3A-14. 

6 10 = Factor  t o  conver t  C i  t o  pCi. 



I n t e r n a l  doses t o  an i n d i v i d u a l  from e a t i n g  l e a f y  vegetables contaminated 

from gaseous f a l l o u t  a t  a concentrat ion (CLV) are: 

MPD 

DLV = z i (CLV) (TLv) rzli] ~xP[oi~iN"lTDL~ (FL) 

where, 

DLV = Dose r a t e  from inges t i on  o f  l e a f y  vegetables, mreni/yr 

(CLV)i = Concentrat ion o f  l e a f y  vegetables of isotope,  i, pCi/kg 

TLV = Tota l  d a i l y  i n take  o f  l e a f y  vegetables, kg/day 

(5) = Dose conversion fac to r ,  mremlyr per  pCi/cc, which i s  the  MPCw 
maximum permiss ib le dose (MPD) per  year  d i v ided  by the 

maximum permiss ib le  concentrat ion i n  water (MPC,) f o r  

isotope, i . Dose conversion f a c t o r s  f o r  c a l c u l a t i n g  

i n t e r n a l  doses are tabu la ted  i n  Table 5.3A-5. 

TDL = Elapsed t ime between harvest  and inges t ion ,  days. Data 

i s  presented i n  Table 5.3A-14. 

(TRN)i = Radioact ive h a l f - l i f e  o f  isotope,  i, days. Values are 

tabu la ted  i n  Table 5.3A-1. 

FL = F rac t i on  of the  year  l e a f y  vegetables are grown, 5 1.0 

2200 = Assumed average i n t a k e  o f  water, cc/day. 

Doses should be ca l cu la ted  separate ly  f o r  each k ind  o f  l e a f y  vegetable 

ingested and summed t o  ob ta in  a t o t a l  dose f rom i n g e s t i o n  o f  lea fy  

vegetables contaminated by gaseous e f f l  uents. 



INTERNAL DOSES TO MAN FROM INGESTION OF CONTAMINATED MTLK 

The concen t ra t i on  o f  r ad io i so topes  i n  m i l k  as a  r e s u l t  o f  d e p o s i t i o n  o f  

gaseous m a t e r i a l s  on pas tu re  and subsequent i n g e s t i o n  by d a i r y  cows i s  

c a l c u l a t e d  as: 

(TW) 
c = (GI ( N i  (SUMFT) (GF) 

where, 

C = Concentrat ion o f  i so tope  i n  m i l k ,  pC i / l  

2 G = E f f e c t i v e  g raz ing  area o f  a  cow; m . Data i s  presented i n  

Table 5.3A-14. 

where, 

2 (W)i = Depos i t ion  r a t e ,  p C i / m  -day 

(A)i = A c t i v i t y  r e l ease  r a t e  t o  t he  env i ron-  

ment o f  i so tope ,  i, C i l s e c  

x/Q = Annual average meteoro log ica l  d i s -  

pers ion  f a c t o r  a t  a  downwind p o i n t  o f  

i n t e r e s t  , sec/m 3 

(VDL)i = Depos i t ion  v e l o c i t y  over  l and  o f  

isotope,  i, mlsec. Data i s  presented 

i n  Table 5.3A-14. 

6 10 = Fac to r  t o  conver t  C i  t o  pCi 

(TW)i = Environmental h a l f - l i f e  o f  i so tope ,  i, days. C a l c u l a t e  

us ing t he  f o l  l ow ing  r e l a t i o n s h i p :  



where, 

T  = Radioact ive h a l f - l i f e  o f  i so tope 
P  

Tb = Weathering h a l f - 1  i f e  o f  isotope 

Values o f  (TW)i a re  tabu la ted  i n  Table 5.311-8. 

SUMFT = Accumulative f r a c t i o n a l  i n take  o f  i so t - - -  -2r 1  i t e r  which 

i s  t r ans fe r red  t o  t h e  m i l k  each day, - < 1.0/1. Data i s  

presented i n  Tab1 e  5.3A-14. 

GF = F r a c t i o n  o f  the year  t h a t  a  cow grazes on contaminated 

pasture, 2 1  .O. 

The r e s u l t i n g  doses t o  an a d u l t  f rom inges t i on  o f  the  contaminated m i l k  

i s  ca l cu la ted  as fo l l ows :  

MPD 
(C) (GF) MPCw 

DTMA = GWA (GWM) 

where, 

DTMA = Dose r a t e  from inges t i on  o f  contaminated m i l k ,  mremlyr 

C = Concentrat ion o f  i so tope i n  m i l k ,  p C i / l  

- MPD 
= Dose conversion f a c t o r ,  mrem/yr per  pCi/cc, which i s  the MPCw i 

maximum permiss ib le  dose (MPD) per year,  d i v i ded  by the  

maximum permiss ib le  concent ra t ion  i n  water (MPC,) f o r  

isotope,  i. Dose conversion f a c t o r s  f o r  c a l c u l a t i n g  

i n t e r n a l  doses a re  tabu la ted  i n  Table 5.3A-5. 

GWM = D a i l y  i n t a k e  o f  m i l k  by an a d u l t  o r  c h i l d ,  l / day  u s u a l l y  

assumed t o  be one l /day.  

GWA = D a i l y  i n t a k e  o f  water by an adu l t ,  cc/day; Assume a  value 

o f  2200 cc/day. 



INTERNAL DOSES TO MAN FROM INGESTION OF BEEF CONTAMINATED BY GASEOUS 
FALLOUT 

The concentrat ion o f  r a d i o a c t i v e  ma te r ia l s  i n  t he  nieat o f  the  beef  c a t t l e  

a t  bu tcher ing  i s  ca l cu la ted  as: 

where, 

CB = The concent ra t ion  o f  isotope, i, i n  beef, Ci /kg 

2 G = E f f e c t i v e  graz ing '  area o f  c a t t l e ,  m . Data i s  presented 

i n  Table 5.3A-14. 

(W)i = (A)i (x /Q) (V~IL)~ x 0.865 x 10 5 

where, 

2 (W)i = Deposi t ion ra te ,  C i / m  -day 

(A)i = A c t i v i t y  re lease r a t e  t o  the  envi ron-  

ment o f  isotope, i , Ci/sec 

x/Q = Annual average meteorological  d i s -  

pers ion  f a c t o r  a t  a downwind p o i n t  of 

i n t e r e s t ,  sec/m 3 

(VDL)i = Deposi t ion v e l o c i t y  over  land o f  

isotope,  i , m/sec. Val ues a re  pre- 

sented i n  Table 5.3A-14. 

0.865 x l o 5  = Sec/day 

(TW)i = Envi ronmental ha1 f-1 i fe o f  isotope, i , days. Ca lcu la te  

us ing  the  f o l l o w i n g  r e l a t i o n s h i p :  



where, 

T  = Rad ioac t i ve  h a l f - l i f e  o f  i s o t o p e  
P  

Tb = Weathering h a l f - l i f e  o f  i s o t o p e  

Values o f  (TW)i a r e  t abu la ted  i n  Tab le  5.3A-8. 

(SUMFT)B = T o t a l  cumulat ive f r a c t i o n  o f  i so tope ,  i, t r a n s f e r r e d  pe r  kg 

of  beef, 5 1  .O/kg. Values a re  t a b u l a t e d  i n  Table 5.3A-14. 

FA = Average f r a c t i o n  o f  t he  ground sur face  covered by 

vege ta t ion ,  2 1  .O. Data i s  presented i n  Table 5.3A-14. 

The i n t e r n a l  doses t o  humans f rom i n g e s t i o n  o f  contaminated beef are:  

where, 

DB = Dose r a t e  f rom i n g e s t i o n  o f  contaminated beef, mremlyr 

(CB)i = Concent ra t ion  i n  beef o f  i so tope ,  i, Ci /kg  

GF = F r a c t i o n  o f  t he  y.ear i n  which bee f  c a t t l e  graze on con- 

taminated pasture,  ( 1.0 

MPD ( q)i = Dose convers ion f a c t o r ,  mremlyr p e r  pCi /cc ,  which i s  t h e  

maximum pe rm iss ib l e  dose (MPD) p e r  y e a r  d i v i d e d  by t h e  

maximum pe rm iss ib l e  concen t ra t i on  i n  wate r  (MPC,) f o r  

i so tope ,  i . Dose convers ion f a c t o r s  f o r  c a l c u l a t i n g  

i n t e r n a l  doses a r e  t a b u l a t e d  i n  Table 5.3A-5. 

TB = T o t a l  d a i l y  human i n t a k e  o f  beef ,  kg lday.  Data i s  p re -  

sented i n  Table 5.3A-14. 

TDB = Elapsed t ime  between bu t che r i ng  and i nges t i on ,  days. Data 

i s  presented i n  Table 5.3A-14. 



(TRN)i = Radioact ive h a l f - l i f e  o f  isotope,  I. Values are tabu la ted  

i n  Table 5.3A-1. 

2200 = Assumed average i n t a k e  o f  water f o r  an adu l t ,  cc lday 

'6 10 = Factor  t o  conver t  C i  t o  yCi. 

DOSE TO HLIMANS FROM EXPOSLIRE TO TRITIUM THROUGH ALL PATHWAYS 

For gaseous t r i t i u m  re leases i n  the  form o f  t r i t i a t e d  water vapor (HTO) 

r e s u l t i n g  from normal operat ions,  one o r  more pathways must be considered. 

These i n c l  ude : 

1. I n h a l a t i o n  and ( s k i n )  absorpt ion; 

2. I nges t i on  o f  m i l k  contaminated by the  fa1  l o u t  o f  HTO t o  t he  

cow's forage and by i n h a l a t i o n  by the  cow; 

3. I nges t i on  o f  vegetables contaminated by HTO f a l l o u t ;  and 

4. I nges t i on  i n  meat (beef )  through the  same pathways as f o r  

t h e  cow ( f a l l o u t  t o  forage and i n h a l a t i o n  o f  g raz ing  beef 

c a t t l e ) .  

Assuming t h a t  t h e  t r i t i u m  i s  re leased i n  the  form o f  HTO ins tead  o f  

elemental t r i t i u m  r e s u l t s  i n  a conservat ive est imate o f  r e s u l t i n g  doses. 

The bas ic  dose equat ion f o r  these var ious pathways can be represented as: 

where, 

Dt = The annual dose from t r i t i u m  f rom continuous, low- leve l  

re leases o f  HTO, mremlyr 

(A) t  = The average annual re lease r a t e  t o  t h e  atmosphere o f  

t r i t i a t e d  water, C i l s e c  



x/Q = Annual averabe meteoro logica l  d i spe rs ion  f a c t o r  a t  a  
3  downwind p o i n t  o f  i n t e r e s t ,  sec/m . x/Q values should be 

se lec ted  t o  correspond t o  t h e  four respec t ive  pathways 

out1 ined  above as fo l l ows :  (1 ) t h e  nearest  i n d i v i d u a l  ' s  

l o c a t i o n ;  (2)  t h e  l o c a t i o n  where the  nearest  d a i r y  cow 

grazes; (3)  t he  l o c a t i o n  o f  t he  nearest  c o m e r c i a l  o r  

p r i v a t e  garden where vegetables are grown; and (4)  t he  

l o c a t i o n  where t h e  nearest  beef  c a t t l e  graze. 

(G)tp = The dose conversion f a c t o r  f o r  i n h a l a t i o n ,  absorp t ion  and/or 

i nges t i on  o f  t r i t i u m  i n t o  the  human body, mremlyr per  

uCi/cc, a t  t he  respec t ive  l o c a t i o n s  noted above. Thus, 

t he  t o t a l  annual dose from t r i t i u m  r e s u l t s  from summing 

t h e  dose components from the  appropr ia te  pathways. These 

values are  presented i n  Table 5.3A-6 f o r  pathways 1  t o  4. 

p  = The representa t i ve  index on t h e  f o u r  pathways l i s t e d  above. 

EXTERNAL DOSE TO BIOTA OTHER THAN MAN FROM DRY DEPOSITION OF GASEOUS 
EFFLUENTS TO THE GROUND 

Concentrat ion o f  r a d i o a c t i v e  ma te r i a l  deposi ted on t h e  ground i s  ca lcu-  

1  ated as: 

where, 

SJ = Concentrat ion o f  isotope, i, deposi ted on the  ground, 

p~ i /m2 

x/Q = Annual average meteoro logica l  d i spe rs ion  f a c t o r  a t  a  

downwind p o i n t  o f  i n t e r e s t ,  sec/m 
3 

(A)i = A c t i v i t y  re lease r a t e  t o  t h e  environment of isotope,  

i , C i / s e c  , 



( V D L ) ~  = Depos i i ion  v e l o c i t y  over l and  f o r  isotope,  i, m/sec. 

Data i s  presented i n  Table 5.3A-14. 

(TW)i = Envi ronmental ha1 f-1 i fe o f  isotope,  i , days. Cal c u l a t e  

us ing  the  f o l l o w i n g  r e l a t i o n s h i p :  

where, 

T  = Radioact ive h a l f - l i f e  of i so tope 
P 

Tb = Weathering h a l f - l i f e  o f  i so tope 

Values of  (TW)i a re  tabu la ted  i n  Table 5.3A-8. 

TD = Dura t ion  o f  d r y  deposi t ion,  days 

2 8.64 x  1016 = Factor  t o  conver t  Ci-days/m -sec t o  pCi/m 2 

\ 

Ca l cu la t i on  f o r  ex te rna l  dose t o  b i o t a  from contaminated dry  ground i s :  

where, 

DDG = External  dose r a t e  from contaminated ground, mrem/yr 

(SJ)i = Concentrat ion on ground of isotope,  i, pCi/ni 
2 

( D S D ) ~  = Dose conversion f a c t o r  f o r  gamma exposure a t  1  meter above 
2 ground surface, mremlhr per  pCi/m . Values are tabu la ted  

i n  Table 5.3A-7. 



DOSE TO ,BIOTA OTHER THAN MAN FRClM INGESTION OF FOOD CROPS COIVTAMIIVATED 
BY GASEOUS EFFLUENTS 

Concent ra t ion  o f  r a d i o a c t i v e  m a t e r i a l s  deposi ted on vege ta t i on  i s  ca lcu-  

l a t e d  as: 

-0.693 TGS 
- exp( (TWli ) 

- 0 . 6 9 3  l D  )-j 
- exp 

where, 

CDI = Concentrat ion of  i so tope ,  i, deposi ted on vege ta t ion ,  

pCi/g 

(SJ)i = Concent ra t ion  on ground o f  i so tope ,  i , pCi/m 2 

( F L I ) .  = F r a c t i o n a l  r e t e n t i o n  o f  i so tope ,  i, on vege ta t i on  leaves, 
1 

< 1.0. Data i s  presented i n  Table 5.3A-14. - 

FA = Average f r a c t i o n  o f  t he  ground sur face  covered by vege- 

t a t i o n ,  - < 1.0. Data i s  presented i n  Table 5.3A-14. 

2 
YC = Average p l a n t  vege ta t i on  dens i t y ,  kg/m . Data i s  presented 

i n  Table 5.3A-14. 

TGS = Length o f  growing season f o r  vege ta t ion ,  days 

(TW)i = Environmental h a l f - 1  i f e  o f  i so tope ,  i , days. Ca l cu la te  

us ing  t h e  f o l  l ow ing  r e l a t i o n s h i p :  

where, 

T = Rad ioac t i ve  h a l f - 1  i f e  o f  i so tope  
P 

Tb 
= Weathering h a l f - l i f e  o f  i so tope  



Values o f  (TW)i a re  tabu la ted  i n  Table 5.3A-8. 

TD = Durat ion o f  d ry  depos i t ion ,  days 

= Factor  t o  conver t  pci- to pci- 
kg 9  

The i n t e r n a l  dose t o  an organism feeding on the  contaminated vegeta t ion  

i s :  

L 

where, 

DSV = Dose r a t e  from i n g e s t i o n  o f  isotope,  i, mrem/yr 

(TE)i = E f f e c t i v e  h a l f - l i f e  o f  isotope,  i, days. Since data f o r  

organisms o t h e r  than man are  no t  gene ra l l y  ava i l ab le ,  

data f o r  man found i n  ICRP-2 w i l l  be used. Values are 

tabu la ted  i n  Table 5.3A-9. 

R = Rate o f  i n g e s t i o n  o f  vegetat ion,  g/day. Data i s  presented 

i n  Table 5.3A-14. 

(FW)i = F r a c t i o n  o f  inges ted  isotope,  i , r e t a i n e d  i n  the  feeding 

organism, 5 1 . 0 .  Since s p e c i f i c  da ta  f o r  b i o t a  o the r  

than man i s  n o t  gene ra l l y  ava i l ab le ,  values f o r  (FW)i 

f o r  man w i l l  be obta ined from ICRP-2. Values are  tabu- 

l a t e d  i n  Table 5.3A-11. 

(CDI)i = Concentrat ion of isotope,  i, deposi ted on vegetat ion,  

p c i  /g 

MS = Mass o f  t he  feeding organism, kg. Data i s  presented i n  

Table 5.3A-14. 



TF = Per iod o f  . ingestion o f  t he  vegetat ion, days 

(EAE)i = E f f e c t i v e  absorbed beta and gamma energy o f  isotope,  i , 
i n  the feeding organism consider ing both the  s i z e  o f  t he  

organism and the  i n t e r n a l  d i s t r i b u t i o n  o f  t he  isotope, 

MeV/dis. Data i s  tabu la ted  i n  Table 5.3A-10. 

0.0021 3 = Factor  t o  conver t  pCi t o  mrem/yr 
9 

8760 = Hrs /y r  

3 10 = Factor  t o  conver t  kg t o  g 

1 1.44 = - 0.693 

Doses should be ca l cu la ted  separate ly  f o r  each k i n d  of food crop ingested 

and then sumed to '  ob ta in  a t o t a l  dose from i n g e s t i o n  o f  food crops con- 

taminated by gaseous e f f l  uents f o r  each organism. 

DOSE TO BIOTA OTHER THAN MAN FROM INGESTION OF FOOD CROPS CONTAMINATED 
BY UPTAKE OF RADIOACTIVE MATERIAL FROM THE SOIL V I A  THE ROOT PATHWAY 

Concentrat ion o f  r a d i  o a c t i  ve mater i  a1 i n  t he  vegetat ion i s  : 

CPI = (4.46 x (SJ)i (FRI)i (FSI)i (18) 

where, 

CPI = Concentrat ion of isotope,  i, i n  vegetat ion, pCi/g 

(SJ)i = Concentrat ion on ground of isotope, i, pCi/m 
2 

(FRI)i = Trans fer  c o e f f i c i e n t  f o r  s o i l  t o  p l a n t  v i a  the  roo ts  

pCilkg no u n i t s .  Data i s  presented i n  pCi1kg s o i l  

(FSI)i = F r a c t i o n  of isotope, i , which reaches the. so i  1 , <1 .O. 

Data i s  presented i n  Table 5.3A-14. 



TD = Durat ion o f  d ry  deposi t ion,  days 

(TRN)i = Radioact ive h a l f - l i f e  o f  isotope,  i, days. Values 

a re  tabu la ted  i n  Table 5.3A-1. 

(TW)i = Environmental h a l f - l i f e  o f  isotope,  i, days. Calcu- 

l a t e  us ing  the  f o l  lowing r e l a t i o n s h i p :  

where, 

T  = Radioact ive h a l f - l i f e  o f  i so tope 
P 

Tb = Weathering h a l f - l i f e  o f  i so tope 

Values of (TW)i are tabu la ted  i n  Table 5.3A-8. 

2  fl t o  assuming 224 kg s o i  l / m  . 4.46 x l o e 6  = Factor  t o  conver t  
m 9  

The dose r a t e  t o  the  secondary organism feeding on the  vegeta t ion  i s :  

where, 

DRFS = Dose r a t e  from inges t i on  o f  isotope, i, mremlyr 

(TE)i = E f f e c t i v e  h a l f - l i f e  o f  isotope,  i, days. Since data f o r  

organisms o the r  than man a re  n o t  genera l l y  ava i l ab le ,  

data f o r  man found i n  ICRP-2 w i l l  be used. Values are 

tabu la ted  i n  Table 5.3A-9. 



R = Rate o f  i n g e s t i o n  o f  vege ta t ion ,  g/day. Data i s  presented 

i n  Table 5.3A-14. 

(FW)i = F r a c t i o n  o f  inges ted  i so tope ,  i, r e t a i n e d  i n  t h e  feed ing  

organism, - 4 . 0 .  S ince da ta  f o r  b i o t a  o t h e r  than  man 

i s  n o t  g e n e r a l l y  a v a i l a b l e ,  values f o r  (FW)i f o r  man 

w i l l  be ob ta ined  f rom ICRP-2. Values a re  t abu la ted  

i n  Tab le  5.3A-11. 

(CPI)i = Concent ra t ion  o f  i so tope ,  i, on vegeta t ion ,  pCi /g  

MS = Mass o f  t h e  feed ing  organism, kg. Data i s  presented i n  

Table 5.3A-14. 

TF = Per iod  o f  i n g e s t i o n  o f  t he  vege ta t ion ,  days 

(EAE)i = E f f e c t i v e  absorbed be ta  and gamma energy o f  i so tope ,  i, 

i n  t h e  feed ing  organism cons ide r i ng  bo th  t h e  s i z e  o f  t h e  

organism and t he  i n t e r n a l  d i s t r i b u t i o n  o f  t h e  i so tope ,  

MeV/dis. Data a re  t a b u l a t e d  i n  Table 5.3A-10. 

0.0021 3 = Fac to r  t o  conver t  MeV pCi t o  mrem/yr 
9  

3  10 = Fac to r  t o  conver t  kg  t o  g  

1  1.44 = - 0.693 

Doses should be c a l c u l a t e d  sepa ra te l y  f o r  each type  o f  vege ta t ion  i nges ted  

and then summed t o  o b t a i n  a  t o t a l  dose f rom i n g e s t i o n  o f  contaminated 

food  f o r  each organism. 



LIQUID EFFLUENTS 

EXTERNAL WHOLE BODY DOSE TO MAN AND OTHER BIOTA FROM SHORELINE DEPOSITS 

Gamna dose r a t e  t o  an i n d i v i d u a l  o r  organism above a un i fo rm ly  contami- 

nated plane i s  ca l cu la ted  by the  f o l l o w i n g  equat ion: 

DSED = l o 2  (TS) (WW) Z (TRN)i (CW)i (DSD)i x  
i 

where, 

DSED = Whole body dose r a t e  from contaminated shorel ine,  mremlyr 

TS = Time o f  exposure t o  sediment, h r s l y r  

WW = Water body w i d t h  fac to r ,  no u n i t s .  Values a re  tabu la ted  

i n  Table 5.3A-12. 

(TRN)i = Radioact ive h a l f - l i f e  o f  isotope, i, days. Values are 

tabu la ted  i n  Table 5.3A-1. 

(CW)i = Concentrat ion i n  water  o f  isotope, i , pCi/cc 

= Dose conversion fac to r  f o r  shore l ine  sediment, mremlhr 
2 per pCi/m . Values a re  tabu la ted  i n  Table 5.3A-7. 

TTS = ~ o t a l  t ime o f  imnersion o f  sediment i n  contaminated 

r e c e i v i u g  water (normal ly  taken t o  be the  opera t ing  l i f e -  

t ime o f  the  f a c i l i t y )  , days 

DFS = D i l u t i o n  f a c t o r  f o r  i so tope concent ra t ion  a t  sediment 

l oca t i on ,  - < 1.0 



TIM = Elapsed t ime between iso tope re lease and exposure, days 

10' = Constant der ived  from water and sediment sample data 

c o l l e c t e d  from the  Columbia River  and Ti l lamook Bay and 

compared w i t h  data from o the r  aquat ic  systems. ( 1  

EXTERNAL DOSES TO MAN AND OTHER BIOTA FROM IMMERSION I N  CCINTAMINATED 
WATER 

The whole body gamma dose r a t e  from immersion i n  e f f l u e n t  waters i s  

ca l cu la ted  as: 

i 
DGIM = E (CW)i (DFGAM)~ (TI) (DFAC) 

where, 

DGIM = Gamma dose ra te ,  mrem/yr 

(CW)i = Concentrat ion i n  discharge water o f  isotope, i, pCi/cc 

(DFGAM)i = Whole body dose conversion f a c t o r  f o r  immersion i n  water  

con ta in ing  isotope,  i , mrem/hr per  pC i / l  . Val ues are  

tabu la ted  i n  Table 5.3A-7. 

T I  = Time o f  exposure, h r s / y r  

DFAC = D i l u t i o n  f a c t o r  o f  isotopes i n  r e c e i v i n g  water, 5 1.0 

TIM = Elapsed t in ie between i so tope  re lease and exposure, days 

(TRN)i = Radioact ive ha1 f -1  i f e  o f  isotope, i , days. Values a re  

tabu1 ated i n  Tab1 e  5.3A-1. 

l o 9  = Factor  t o  conver t  pCi/cc t o  pC i / l  . 

The beta s k i n  dose r a t e  from immersion i n  e f f l u e n t  waters i s  ca l cu la ted  

as: 



where, 

DB IM  = Beta dose r a t e  t o  the  sk in ,  mrem/yr 

(CW)i = Concentrat ion i n  discharge water o f  isotope,  i , ~ C i l c c  

(DFBETA)i = Beta s k i n  dose conversion f a c t o r  f o r  imnersion i n  water 

conta in ing  isotope, i, mrernlhr per  pC i / l .  Values are  

tabu la ted  i n  Table 5.3A-7. 

T I  = Time o f  immersion, h rs / y r  

DFAC = D i l u t i o n  f a c t o r  o f  isotopes i n  rece i v ing  water, 5 1.0 

TIM = Elapsed t ime between iso tope re lease and exposure, days 

(TRN)i = Radioact ive h a l f - l i f e  o f  isotope, i, days. Values a re  

tabulated i n  Table 5.3A-1. 

9 10 = Factor  t o  convert  ~ C i l c c  t o  pC i / l  . 

The popu la t ion  dose from water immersion i s :  

where, 

DPIM = The popu la t ion  dose from water immersion, man-remlyr 

= Factor  t o  conver t  mrem t o  rem 

P I M  = Populat ion engaged i n  immersion i n  e f f l u e n t  discharge waters 

D G I M  = Gamma dose ra te ,  mremlyr. 

EXTERNAL DOSES TO MAN FROM ABOVE-WATER ACTIVITIES 

External  gamma exposure from above-water a c t i v i t i e s  i s  ca l cu la ted  by 

the  f o l l o w i n g  method: 

1 DGAW = 7 (DGIN) (F) 



where, 

DGAW = Gamma dose r a t e  f o r  above-water a c t i v i t i e s  (boat ing, water- 

sk i i ng ,  f i s h i n g ,  swimming), mrem/yr 

D G I M  = Gamma dose r a t e  rece ived from immersion i n  e f f l u e n t  water, 

mrem/y r 

TAW = Number o f  hours spent i n  above-water a c t i v i t i e s ,  h r l y r .  

Data a re  presented i n  Table 5.3A-14. 

T I  = Number o f  hours spent .in immersion, h r / y r .  Data are pre- 

sented i n  Table 5.3A-14. 

1 - = Geometry f a c t o r  f o r  above-water a c t i v i t i e s ,  no u n i t s  . 2 

Beta exposure from above-water a c t i v i t i e s  i s  ' ca lcu la ted  as : 

DBAW = (DBIM) (F) 
where, 

DBAW = Beta dose r a t e  t o  t he  s k i n .  from above-water a c t i v i t i e s  , 
mremly r 

DBIM = Beta dose r a t e  t o  t h e  s k i n  rece ived from immersion i n  

e f f l  uent water, mremlyr 

TAW = Number o f  hours spent i n  above-water a c t i v i t i e s ,  h r l y r .  Data 

a re  presented i n  Table 5.3A-14. 

T I  = Number o f  hours spent i n  imnersion, h r l y r .  Data a re  presented 

i n  Table 5.3A-14. 

1 - = Geometry f a c t o r  f o r  above-water a c t i v i t i e s ,  no u n i t s .  2 

Populat ion dose from above-water a c t i v i t i e s  i s  : 



where, 

DPAW = Populat ion dose, man-remlyr 

DGAW = Whole body gamma dose t o  an i n d i v i d u a l  f rom above-water 

a c t i v i t i e s  , mremlyr 

PAW = Populat ion engaged i n  above-water a c t i v i t i e s  on the  e f f l u e n t  

discharge waters 

= Factor  t o  conver t  mrem t o  rem. 

INTERNAL DOSES TO MAN FROM INGESTION OF POTABLE WATER 

The dose t o  whole body and var ious organs rece ived by i n g e s t i o n  o f  

po tab le  water contaminated by l i q u i d  e f f l u e n t s  can be c a l c ~ ~ l a t e d  us ing 

the  f o l  1  owing equat ion: 

DWP = C 
(T)i ('"i (Gw) [ -0.693 T IM , 1 (DF) 

i GWA exp -07 

where, 

DWP = The dose r a t e  fro111 i nges t i on  o f  isotope,  i, mremlyr 

(q)i = Dose conversion f a c t o r ,  mremlyr per  pCi/cc, which i s  the  

maximum permiss ib le  dose (MPD) pe r  yea r  d i v i ded  by t h e  

maximum pe rm iss ib le  concent ra t ion  i n  water (MPCw) f o r  

isotope,  i. Dose conversion f a c t o r s  f o r  c a l c u l a t i n g  

i n t e r n a l  doses a re  tabu la ted  i n  Table 5.3A-5. 

(CW)i = The concent ra t ion  i n  discharge water of  isotope,  i, p C i l c c  

G = The amount o f  water  ingested, g/day 
W 

GWA = Amount of water  ingested, by an adu l t ,  g lday (a value o f  

2,200 g/day i s  assumed) 



TIM = Elapsed t ime between i so tope  re lease  and i nges t i on ,  days 

(TRN)i = Rad ioac t i ve  h a l f - l i f e  f o r  isotope,  i, days. Values a re  

t abu la ted  i n  Table 5.3A-1. 

DF = D i l u t i o n  f a c t o r  i n  r e c e i v i n g  water,  5 1 .O. 

INTERNAL DOSES TO MAN FROM INGESTION OF AQUATIC FOODS 

The dose t o  whole body and var ious  organs rece ived  from i n g e s t i o n  o f  

aqua t i c  food contaminated w i t h  r a d i o a c t i v e  m a t e r i a l  i s  c a l c u l a t e d  as: 

DOSE = Z i (F)~ (BCFIi (&) (CWli ~ X p ( - o i ~ ~ i l i l ~ ~  (DF) (HF) (28) 

where, 

DOSE = The dose r a t e  from i n g e s t i o n  o f  isotope,  i, mremlyr 

( )  = Dose convers ion f a c t o r ,  mremlyr p e r  pCi/cc,  which i s  t he  MPCw 
maximum pe rm iss ib l e  dose (MPD) pe r  y e a r  d i v i d e d  by t h e  

maximum pe rm iss ib l e  concen t ra t i on  i n  wate r  (MPCw) f o r  

i so tope ,  i . Dose convers ion f a c t o r s  f o r  c a l c u l a t i n g  

i n t e r n a l  doses a r e  t abu la ted  i n  Table 5.3A-5. 

(BCF)i = Bioaccumulat ion f a c t o r  f o r  i so tope ,  i. Values a r e  

tabu1 ated i n  Table 5.3A-11. 

GF = Amount o f  food  ingested,  g lday 

GWA = Amount o f  water  inges ted  by an a d u l t ,  g lday  (2,200 g/day 

assumed) 

(CW)i = Concent ra t ion  i n  d ischarge water  o f  i so tope ,  i, p C i l c c  

TIM = Elapsed t ime  between i so tope  re l ease  and i nges t i on ,  days 

(TRN)i = Rad ioac t i ve  h a l f - l i f e  of  isotope,  i, days. Values a r e  

t abu la ted  i n  Table 5.3A-1. 



DF = D i l u t i o n  f a c t o r  i n  r e c e i v i n g  waters, 5 1.0 

HF = F rac t i on  o f  year  water i s  ingested, 1  .O. 

Doses should be ca l cu la ted  separate ly  f o r  each k i n d  o f  aquat ic  food 

ingested and then summed t o  o b t a i n  a  t o t a l  dose from inges t i on  o f  

aquat ic  foods. 

The popu la t ion  dose from inges t i on  o f  aquat ic  foods i s  ca l cu la ted  i n  

the  f o l  lowing manner: 

PODA = 1  om3 L (29) 
j 

where, 

PODA = Whole body gamna dose from inges t i on  o f  a l l  aquat ic  

foods, man-rem/yr 

(W) . = Respective t o t a l  weights o f  f i s h ,  crustacea and mol l  usk 
J 

taken from the  v i c i n i t y  o f  the  e f f l u e n t  discharge, g/day 

(WF). = F rac t i ona l  weight  o f  each o f  the  species which i s  
J 

ed ib le ,  5 1.0 

(DOSE) = Dose r a t e  t o  an i n d i v i d u a l  from food, j, ca lcu la ted  above 

i n  equat ion 28, mrem/yr 

(GI = Amount o f  food, j , ingested by an i n d i v i d u a l  , g/day-person. 

Data a re  presented i n  Table 5.3A-14. 

l o w 3  = Factor  t o  conver t  mrem t o  rem. 



INTERNAL WHOLE BODY DOSE TO BIOTA OTHER THAN MAN FROM INGESTION OF 
CONTAMINATED WATER 

I n t e r n a l  dose t o  organisms from i n g e s t i o n  o f  r a d i o a c t i v e  m a t e r i a l s  i n  

water i s  c a l c u l a t e d  as: 

where, 

DPO = I n t e r n a l  dose r a t e  from i n g e s t i o n  o f  isotope,  i , mremlyr 

(CW)i = Concentrat ion i n  discharge water o f  isotope,  i , pCi /cc 

(BCF) = B i  oaccumul a t i o n  f a c t o r  f o r  isotope,  i . Val ues are  tabu- 

l a t e d  i n  Table 5.3A-13. 

(EAE)i = E f f e c t i v e  absorbed beta and gamma energy o f  isotope,  i , 
i n  the  organism cons ider ing  both the  s i z e  o f  t h e  organ- 

ism and the  i n t e r n a l  d i s t r i b u t i o n  o f  t he  isotope,  MeV./dis. 

Data a r e  tabu la ted  i n  Table 5.3A-10. 

DF = D i  1 u t i  on f a c t o r  i n  r e c e i  v ing  waters, 5 1.0 

0.0021 3 = Factor  t o  conver t  MeV pCi t o  mremlhr 
9 

8760 = Number o f  h r s l y r  

l o 6  = Fac tor  t o  conver t  pCi t o  pCi 

INTERNAL DOSE TO BIOTA OTHER THAN MAN FROM INGESTION OF AQUATIC FOODS 

The i n t e r n a l  whole body dose t o  organisms feeding on aquat ic  foods con- 

taminated w i t h  r a d i o a c t i v e  ma te r i a l  s i s  ca l cu la ted  as : 

(P )  ( F W ) ~  (cwIi ( B C F ) ~  
DSO = (0.0021 3) (8760) (1  03) (1.44) Z 

i MS 1 



where, 

DSO = I n t e r n a l  dose r a t e  froni i nges t ion  o f  isotope, i , mrem/yr 

(TE)i = E f f e c t i v e  h a l f - l i f e  o f  isotope, i, days. Since data f o r  

organisms o the r  than man a re  n o t  genera l ly  ava i lab le ,  

data f o r  man found i n  ICRP-2 w i l l  be used. Values are  

tabu la ted i n  Table 5.3A-9. 

P = Rate o f  i nges t ion  o f  aquat ic  food, g/day 

(FW)i = Frac t ion  of ingested isotope, i, re ta ined  i n  the  feeding 

organism, 5 1 .O. Since data f o r  b i o t a  o ther  than man 

are no t  genera l ly  ava i lab le ,  values f o r  (FW)i f o r  man 

w i l l  be obtained from ICRP-2. Values are  tabu la ted i n  

Table 5.3A-11. 

(CW)i = Concentrat ion i n  discharge water o f  isotope, i, pCi/cc 

(BCF)i = Bioaccumulation f a c t o r  f o r  isotope, i. Values are  

tabulated i n  Table 5.3A-13. 

MS = Mass o f  t he  feeding organism, kg 

TC = Per iod o f  i nges t ion  o f  aquat ic  food, days 

(EAE)i = E f f e c t i v e  absorbed beta and gamma energy o f  isotope, i, 

i n  the  feeding organism consider ing both the  s i z e  o f  t he  

feeding organism and the  i n t e r n a l  d i s t r i b u t i o n  o f  t he  

isotope, MeV/dis. Data are tabulated i n  Table 5.3A-10. 

DF = D i l u t i o n  f a c t o r  i n  rece iv ing  waters, 5 1.0 

0.00213 = Factor  t o  convert MeV pCi t o  mrem/hr 
9  

3  10 = Factor  t o  convert  JIcJ to p Q  
kg 9  

1 

Doses should be ca lcu la ted separate ly  f o r  each k i n d  o f  aquat ic  food 

ingested and summed t o  ob ta in  a  t o t a l  dose from inges t ion  o f  aquat ic  

foods f o r  each organism. 



TABLE 5.3A-1 

RADIOLOGICAL DATA FOR ISOTOPES RELEASED FROM CRBRP RADWASTE SYSTEMS 

Isotope 

H-3 

Na-22 

Na-24 

Ne-23 

Ar-39 

Ar-41 

Cr-51 

Mn-54 

Fe-59 

CO-58 

Co-60 

Kr-83m 

Kr-85 

Kr-85m 

Kr-87 

Tota l  Average 
Radioact i  e 

12)  
Gama 

(293) 
Beta 

Hal f -1  i f e  Energy Energy ( z 9 4 )  
( Days (MeV/di s )  (MeV/dis) 

(Continued) 



TABLE 5.3A-1 (Continued) 

Isotope 

Ru-1 03 

Ru- 106 

Rh-106 

Ag-1 11 

Sb-125 

Te-129 

Te-129m 

Te-132 

1-1 31 

1-1 32 

Xe-13lm 

Xe-133 

Xe-133111 

Xe-135 

Xe-135m 

Xe-138 

Cs-134 

CS-1 36 

CS-1 37 

Ba-140 

La-1 40 

Ce-141 

Ce-144 

Pr-143 

Pr-144 

Nd-147 

Radioact i  e 
~ a l f - 1  i f eY2 )  
( Days ) 

3.95 x l o 1  
3.68 x l o 2  
3.50 

7.50 x l o o  
9.90 x l o 2  
4.80 x 

3.41 x 10' 

3.24 x l o o  
8.05 x l o o  
9.60 x 

1.18 x 10' 

5.27 x l o o  
2.26 x l o o  
0.38 x l o o  
1.08 x 

1.21 x l o m 2  
7.47 x l o 2  
1.37 x 10 1 

1.10 104 

1.28 x 10' 

1.70 x l o o  
3.25 x 10' 

2.84 x l o 2  
1.36 x 10' 

1.19 x l o m 2  
1.11 x l o 1  

To ta l  
Gamna 
Energy (2,3) 
(MeV/d i s ) 

Average 
Beta 
Energy (234) 
(MeV/di s ) 

(Continued) 



TABLE 5.3A-1 (Cont i  nued) 

I so tope  

Pm-147 

Eu- 155 

Ta- 182 

Pu-239* 

Pu-240* 

Pu-241 

Pu-242* 

Rad ioac t i  
Ha l f - 1  i f e  
(Days ) 

Y% 

9.56 x 10' 

6.61 x 10' 

1.15 x 10' 

T o t a l  
Gamma 
Energy (2,3) 
(MeV/dis) 

Average 

Beta (2,4) Energy 
(MeVIdi s ) 

*Decay i s  p r i m a r i l y  by a lpha emission. T o t a l  a lpha energies,  
MeVIdis, f o r  t h e  pluton. ium iso topes  a r e  as f o l l o w s :  

1. Pu-239 - 5.10 

2. Pu-240 - 5.16 

3. Pu-242 - 4.89 



TABLE 5.3A-2 

MAXIMUM PERMISSIBLE CONCENTRATION IN AIR (MPC,)* FOR CONTINUOUS EXPOSURE 

TO RADIONUCLIDES RELEASED FROM THE CRBRP GASEOUS RADWASTE  SYSTEM'^) 

Whole Body 

Iso tope ( ~ C i I c c )  

*MPCa f o r  so l  ubl e compounds 

**MPCa i n  10CFR20, Table 11, column 1 a re  based upon a maxi- 
mum permiss ib le  dose o f  111 o f  the  occupational exposure 
l e v e l s  repor ted  i n  ICRP-2(5 ? 

+MPC, i s  ca l cu la ted  from data presented i n  10CFR20, 
Table 11, column 1 



TABLE 5.3A-3 

DOSE COIVVERSION FACTORS* FOR EXPOSURE VIA INHALATION 

TO RADIOACTIVE MATERIALS RELEASED FROM THE CRBRP GASEOUS RADWASTE SYSTEM 

Whole Body 

I so tope  

H-3 

Ne-23 

Ar- 39 

Ar-41 

Kr-83m 

Kr-85 

Kr-85m 

Kr-87 

Kr- 88 

Xe-131111 

Xe- 1 33 

Xe-133111 

Xe- 1 35 

Xe-135111 

Xe-138 

(mremlyr per  pC i /cc )  

1.7 l o 9  
1.7 x l o l o  
5.0 x 10 12 

1.7 x l o l o  
1.7 x 10 10 

1.7 x l o 9  

*Calcu la ted f rom data t abu la ted  i n  Tab le  5.3A-2, maximum per-  
m i s s i b l e  dose + maximum pe rm iss ib l e  concen t ra t i on -  i n  a i r ;  MPD 

( m a  
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I so tope  

Pr-  143 

Pr- 144 

Nd- 147 

h- 147 

Eu- 155 

-I Ta- 182 
P 

P Pu-239 
P 
-I Pu-240 

Pu-241 

Pu-242 

Whole Body 

5.0 x 10 2 

N A 

5.0 x 10' 

2.5 x l o 3  
5.0 l o 3  
7.1 l o 3  
1.7 l o 7  
1.7 l o 7  
2.5 x 10 5 

1.3 x 10 7 

TABLE 5.3A-5 (Cont inued) 

mremlyr p e r  uCi / cc  

Bone 
Thyro i  d 
( a d u l t )  Kidney 

1.7 l o 3  

*Calcu la ted f rom da ta  t a b u l a t e d  i n  Table 5.3A-4, maximum p e r m i s s i b l e  dose s maximum 
p e r m i s s i b l e  concen t ra t i on  i n  water,  

**MPC f o r  i n s o l u b l e  compounds used f o r  a l l  elements except  12, Cs and Na. CRBRP re leases  
o f  12, Cs and Na w i l l  be i n  s o l u b l e  form on l y .  

NA - Not ava i  l a b l e  



TABLE 5.3A-6 

WHOLE BODY DOSE CONVERSION FACTORS FOR TRITIUM 

RELEASED DURING NORMAL OPERATING CONDITIONS(~) 

I n f a n t  Adul t 

Pathway (nireni/yr pe r  pCi /cc)  

I n h a l a t i o n  and absorp t ion  8.9 x l o 8  1.6 x 10 9  

Vegetables , i n g e s t i o n  2.0 x l o 9  1.6 x 10 9  

Mi lk ,  i n g e s t i o n  3.4 x 10 9  
5.7 x l o 8  

Meat, i n g e s t i o n  3.0 x l o 8  7.2 x l o 8  



TABLE 5.3A-7 

DOSE CONVERSION FACTORS FOR TOTAL BODY AND SKIN EXPOSURE 

VIA IMMERSION IN WATER AND SHORELINE DEPOSITS(~ ) 

Imnersion i n  Water Shore l ine Deposits 
To ta l  Body Sk in  To ta l  Body Sk jn  

Isotope (mrem/hr per pC i / l  ) (mrem/hr pe r  pCi/m ) 

H-3 

Na-22 

Na-24 

Ne-23 

Ar- 39 

Ar-41 

Cr-51 

Mn-54 

\ Fe- 59 

CO-58 

Co-60 

Kr-83m 

Kr-85 

Kr-85m 

Kr- 87 

Kr-88 

Sr-89 

Sr-90 

Y-89m 

Y -90 

Y -91 

Zr-95 

Nb-95 

Mo-99* 

(Continued) 



TABLE 5.3A-7 (Continued) 

Isotope 

Ru-1 03* 

Ru- 106* 

Rh-106 

Ag-1 11 

Sb-125 

Te-129 

Te-129m* 

Te- 1 32 

1-131 

1-132 

Xe-131m 

Xe- 1 33 

Xe- 1 33m 

Xe- 1 35 

Xe-135m 

Xe- 1 38 

CS-1 34 

CS-1 36 

Cs-137 

Ba-140 

La-140 

Ce-141 

Ce- 144* 

Pr- 143 

Pr- 1 44 

Nd-147 

Pm- 147 

Immersion i n  Water 
To ta l  Body Sk in  

(mrem/hr per  p C i / l )  

Shore1 i n e  Deposits 
To ta l  Body Skin 

(mremlhr per  p ~ i / m 2 )  

(Continued) 



TABLE 5.3A-7 (Continued) 

Immersion i n  Water 
To ta l  Body Sk in  

Isotope (mrem/hr per  pC i / l  ) 

* Includes c o n t r i b u t i o n  from daughter products 

NA - Not a v a i l a b l e  

Shore1 i n e  Deposits 
To ta l  Body Sk in  

(mrem/ h r pe r  PC i /m2) 



TABLE 5.3A-8 

ENVIRONMENTAL HALF-LIVES OF RADIOISOTOPES 

RELEASED FROM CRBRP RADWASTE SYSTEMS 

Isotope 

H-3 

Na-22 

Na-24 

Ne-23 

Ar-39 

Ar-41 

C r -  51 

Mn-54 

Fe- 59 

CO-58 

Co- 60 

Environmental Hal f - L i  f e  

(Clays ) 

14.0 

13.4 

0.6 

4.4 l o m 4  
14.0 

0.1 

9.3 

13.4 

10.7 

11.7 

13.9 

0.1 

14.0 

0.2 

0.5 

0.1 , 

11.1 

14.0 

1.9 

2.2 

11.3 

11.5 

10.0 

2.3 

10.3 

13.5 

(Continued) 

14.4-46 



TABLE 5.3A-8 (Continued) 

Isotope 

Rh-106 

Ag-111 

Sb-125 

Te- 1 29 

Te-129m 

Te-132 

1-1 31 

1-132 

Xe-131m 

Xe-133 

Xe-133m 

Xe- 1 35 

Xe-135m 

Xe-138 

Cs-134 

CS-1 36 

CS-1 37 

Ba-140 

La-140 

Ce-141 

Ce- 144 

Pr- 1 43 

Pr-144 

IVd-147 

Pm-147 

~ n v i  ronmental' Hal f - L i  f e  

(Days 

3.5 

4.9 

13.8 

0.05 

9.9 

2.6 

5.1 

0.1 

6.4 

3.8 

1.9 

5.6 

7.4 

1.0 

13.7 

6.9 

14.0 

6.7 

1.5 

9.8 

13.3 

6.9 

0.02 

6.2 

13.8 

(Continued) 

14.4-47 



I so tope 

Pu-239 

Pu-240 

Pu-241 

Pu-242 

TABLE 5.3A-8 (Continued) 

Environmental Hal f - L i f e  

( Days ) 

14.0 

14.0 

14.0 

14.0 



TABLE 5.3A-9 

EFFECTIVE HALF- LIVES'^) OF RADIOISOTOPES 

RELEASED FROM CRBRP RADWASTE SYSTEMS 

E f f e c t i v e  Hal f - L i f e  

I so tope  

H-3 

Na- 22 

Na-24 

Ne-23 

Ar-39 

Ar- 41 

Cr-51 

Mn-54 

Fe-59 

CO- 58 

Co-60 

Kr-83m 

Kr-85 

Kr-85m 

Kr-87 

Kr-88 

Sr-89 

Sr-90 

Y -89m 

Y -90 

Y-91 

Zr-95 

Nb-95 

1'40-99 

(Days ) 

11 .o 
N A 

IVA 

1.9 x 10  3 

IVA 

N A 

(Continued) 



TABLE 5.3A-9 (Continued) 

Iso tope 

Ru-103 

Ru-1 06 

Rh-106 

Ag-1 1 1 

Sb-125 

Te-129 

Te-129m 

Te-132 

1-1 31 

1-132 

Xe-13lm 

Xe-133 

Xe-133m 

Xe-135 

Xe- 135m 

Xe-138 

CS-1 34 

CS-1 36 

Cs-137 

Ba-140 

La-140 

Ce-141 

Ce-144 

Pr-143 

Pr-144 

IVd-147 

Pm-147 

Eu-1 55 

Ta-182 

E f f e c t i v e  Hal f - L i f e  

(Days ) 

(Continued) 



I so tope  

Pu-239 

Pu-240 

Pu-241 

Pu-242 

TABLE 5.3A-9 (Cont inued) 

E f f e c t i v e  Hal f - L i f e  

(Days ) 

NA - Not a v a i l a b l e  



TABLE 5.3A-10 

E f f e c t i v e  ~ a d i u s *  
( cm) 1.4 2.0 3.0 5.0 7.0 

Iso tope ----- 
H- 3 0.01 0.01 0.01 0.01 0.01 

Na-22 0.286 0.325 0.387 0.507 0.61 9 

Na-24 0.712 0.771 0.868 1.05 1.23 

Ne- 23 - - -- -- N A - - 
Ar- 39 0.194 0.194 0.194 0.194 0.194 

Ar-41 0.519 0.541 0.576 0.642 0.705 

Cr-51 0.00222 0.00276 0.00363 0.00529 0.00685 

Mn-54 0.0364 0.0514 0.0758 0.122 0.166 

Fe- 59 0.171 0.191 0.224 0.286 0.346 

CO- 58 0.0728 0.0905 0.119 0.174 0.226 

CO- 60 0.195 0.237 0.306 0.437 0.560 

Kr-83m 0.0438 0.0438 0.0438 0.0438 0.0438 

Kr-85 0.224 0.224 0.224 0.224 0.224 

Kr-85m 0.245 0.248 0.252 0.260 0.268 

Kr-87 1.21 1.24 1.27 1.34 1.41 

Kr-88 0.449 0.475 0.51 7 0.599 0.677 

Sr-89 0.564 0.564 0.564 0.564 0.564 

(Continued) 



TABLE 5.3A-10 (Continued) 

MeV/ d i  s 

E f f e c t i v e  Radius* 
(cm ) 1.4 2.0 3.0 5.0 7.0 10.0 20.0 30.0 

Sr-90 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 

Y-89m - - -- - - N A -- - - -- -- 
Y-90 0.939 0.939 0.939 0.939 0.939 0.939 0.939 0.939 

Y-91 0.590 0.590 0.591 0.591 0.591 0.591 0.592 0.592 

Zr-95 0.227 0.254 0.297 0.380 0.458 0.565 0.857 1.07 

Nb-95 0.0767 0.0906 0.113 0.156 0.197 0.253 0.405 0.515 

Mo-99** 0.419 0.423 0.430 0.444 0.457 0.475 0.524 0.561 

Ru- 1 03** 0.116 0.125 0.140 0.168 0.194 0.230 0.328 0.399 

Ru-1 06** 1.44 1.44 1.45 1.46 1.47 1.49 1.53 1.56 

Rh-106 - - -- -- N A - - -- -- -- 

Ag-111 0.361 0.362 0.362 0.364 0.365 0.367 0.372 0.376 

Sb-125 0.105 0.113 0.126 0.156 0.173 0.205 0.291 0.353 

Te-129 0.535 0.538 0.541 0.548 0.555 0.563 0.585 0.601 

Te- 1 29m** 0.599 0.601 0.605 0.612 0.619 0.627 0.651 0.667 

Te-132 0.121 0.125 0.131 0.143 0.154 0.169 0.211 0.242 

1-131 0.206 0.213 0.224 0.245 0.266 0.293 0.360 0.422 

1-132 0.581 0.624 0.693 0.826 0.950 1.12 1.59 1.94 

Xe-131111 0.136 0.136 0.136 0.137 0.137 0.137 0.138 0.139 

Xe-133 0.137 0.137 0.138 0.140 0.141 0.143 0.148 0.152 

Xe-133m 0.176 0.177 0.178 0.180 0.182 0.184 0.191 0.196 

Xe-135 0.330 0.335 0.342 0.355 0.368 0.386 0.434 0.469 

Xe-135m 0.118 0.126 0.139 0.163 0.186 0.217 0.302 0.363 

(Continued) 



TABLE 5.3A-10 (Continued) 

MeV/di s 

E f f e c t i v e  ~ a d i u s *  
( cm ) 1.4 2.0 3.0 5.0 7.0 10.0 20.0 30.0 

Ce- 141 ** 
Ce-144 

Pr- 143 

Pr-144 

Nd-147 

Pm- 147 

Eu- 1  55 
Ta-182 

Pu-239 

Pu-240 

Pu-241 ** 
Pu-242 

* E f f e c t i v e  r ad i us  may be c a l c u l a t e d  f rom t h e  mass o f  t he  organism us ing  the f o l l o w i n g  r e l a t i o n s h i p :  

ER = 10.0 M 0'292516 where: ER = e f f e c t i v e  rad ius ,  cm 
M = mass o f  the  organism, kg 

** Inc ludes c o n t r i b u t i o n  f rom daughter products 

NA - Not a v a i l a b l e  



TABLE 5.3A-11 

FRACTION OF INGESTED RADIOISOTOPE RETAINED I N  THE WHOLE BODY 

OF AN ORGANISM FEEDING ON CONTAMINATED  FOOD'^) 

I so tope  

H-3 

Na-22 

Na - 24 

Ne-23 

Ar-39 

Ar-41 

Cr-51 

Mn-54 

Fe- 59 

CO- 58 

Co-60 

Kr-83m 

Kr-85 

Kr-85m 

Kr-87 

K r  -88 

Sr-89 

Sr-90 

Y -89m 

Y -90 

Y-91 

Zr-95 

Nb-95 

Mo-99 

Ru-1 03 

Ru-1 06 

Rh-106 

Ag-111 

F r a c t i o n  Retained 

1 .o  
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
0.005 

0.1 

0.01 3 

0.3 

0.3 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
0.3 

0.3 

1 

1 l o e 4  
1 

1 

1 

0.8 

0.03 

0.03 

0.2 , 

0.01 
(Cont inued) 



TABLE 5.3A-11 (Continued) 

Isotope 

Sb-125 

Te- 1 29 

Te- 1 29m 

Te-132 

1-131 

1-1 32 

Xe-131m 

Xe-133 

Xe- 1 33m 

Xe-135 

Xe- 1 35m 

Xe-138 

Cs-134 

CS- 136 

CS-1 37 

Ba- 140 

La-1 40 

Ce- 141 

Ce- 1 44 

Pr-143 

Pr-144 

Nd- 147 

Pm- 147 

Eu-1 55 

Ta-182 

Pu-239 

Pu-240 

Pu-241 

Pu-242 

Frac t ion  Retained 



TABLE 5.3A-12 

WATER BODY WIDTH FACTORS FOR ESTIMATING GAMMA EXPOSURE 

FROM CONTAMINATED SEDIMENT(' ) 

Width Factor  Exposure S i t u a t i o n  

Discharge canal bank 

Riverbank 

Lakes hore 

Nominal ocean s i t e  

T i d a l  bas in 

Crustacea o r  she1 1 f i s h  



TABLE 5.3A-13 

Crustacea- 
Iso tope F ish  Mol l  usks A1 gae Plants*  

Kr - 85m 

Kr-87 

Kr-88 

Sr-89 

Sr-90 

Y -89m 

Y -90 

Y-91 

Zr-95 

Nb-95 

Mo- 99 

Ru- 103 

Ru- 1 06 

Rh-106 

1 

1 

1 

100 

100 

1,000 

1,000 

1,000 

7 

100 

10 

300 

300 

300 

(Continued) 

14.4-58 



TABLE 5.3A-13 (Continued) 

Iso tope 

Ag-111 

Sb- 125 

Te-129 

Te-129111 

Te- 132 

1-1 31 

1-1 32 

Xe-13lm 

Xe-133 

Xe-133m 

Xe- 1 35 

Xe- 135m 

Xe- 1 38 

CS-1 34 

CS- 136 

CS-1 37 

Ba-140 

La-1'40 

Ce-141 

Ce- 144 

Pr-143 

Pr-144 

Nd- 147 

Pm-147 

Eu-1 55 

Ta- 182 

F ish  

2 

1 

400 

400 

400 

15 

15 

1 

1 

1 

1 

1 

1 

2,000 

2,000 

2,000 

4 

25 

1 

1 

2 5 

25 

25 

25 

25 

N A 

Crustacea- 
Mo l l  us ks A1 gae 

200 

1,500 

100 

100 

100 

40 

40 

1 

1 

1 

1 

1 

1 

500 

500 

500 

500 

5,000 

4,000 

4,000 

5,000 

5,000 

5,000 

5,000 

5,000 

I\ A 

Plants*  

(Continued) 



TABLE 5.3A-13 (Continued) 

Crus tacea- 
I so tope  F ish  Mol l  us ks A1 gae P l  ants* 

3 5 

3 5 

35 

3 5 

*Plants  a r e  assumed t o  conta in  1/10 as much r a d i o a c t i v i t y  as would be 
pred i  c t e d  us ing  bioaccumulation f a c t o r s  f o r  a1 gae. 



TABLE 5 .3A-14  

SUMMARY OF VARIABLES USED I N  RADIOLOGICAL DOSE EVALUATIONS 

WHICH ARE NOT S P E C I F I C  TO THE CRBRP 

Va r i ab le  Desc r i p t i on  Measurement 

I n g e s t i o n  o f  
Leafy  Vegetabl es ---- --- ------- 

Noble gases, 0.5 x cm/sec ( 7 )  
H-3, 5  cm/sec(8,9) 

Depos i t ion  v e l o c i t y  o f  
i so tope  over  water  

Y i e l d  pe r  u n i t  o f  c u l -  
t i v a t e d  l and  area f o r  
1  ea f y  vegetables 

3  months (1  1 TGS Growing season o f  
1  ea f y  vegetables 

Noble gases, 0.f6j( cm/sec ( 7 )  
H-3, 1.4 cm/sec 

VDL Depos i t ion  v e l o c i t y  
o f  i so tope  over  land  

To ta l  d a i l y  i n t a k e  o f  
l e a f y  vegetables 

7  days (11 1 TDL Elapsed t ime between 
harves t  and i n g e s t i o n  

14 days (10,121 Weathering ha1 f - 1  i f e  
o f  i so topes  on l e a f y  
vegetables 

F r a c t i o n a l  r e t e n t i o n  
o f  i so tope  on vegeta- 
t i o n  leaves 

Average f r a c t i o n  o f  t h e  
ground sur face  covered 
by 1  ea f y  vegetables 

Element C o e f f i c i e n t  (10,13) 

Fe 1.5 

FRI T rans fe r  c o e f f i c i e n t  
f o r  s o i l  t o  p l a n t  v i a  
r o o t s  

(Continued) 



TABLE 5.3A-14 (Continued) 

Var iable 

FS I 

Ingest ion  o f  
Beef ------------ 

TDB 

Ingest ion  o f  
Aquatic Foods ------------- 

Descr ip t ion  Measurement 

Frac t ion  o f  isotope 0.75 ( 1  1 
which reaches s o i l  

Rate o f  i nges t i on  o f  Rabbit, 100 glday (10) 
vegetat ion 

2 (14) E f f e c t i v e  grazing area 20-80 m /day 
o f  c a t t l e  

Tota l  cumulat ive f rac -  1  .O/kg f o r  H- (10) 
t i o n  of isotope t rans-  0.21kg f o r  Cs.715) 
f e r red  per kg o f  beef 0.05/kg f o r  ~ r ( 1 5 )  

Tota l  d a i l y  human 0.4 kglday (10) 
i n take  o f  beef 

Elapsed t ime between 20 days (1 0) 
butcher ing and i nges t i on  

Rate o f  i nges t i on  of 50 glday - freshwater f i s h  
aquat ic  food f o r  man (max. f o r  adul t ) ( l )  

Rate o f  i nges t i on  o f  Ducks, sur face feed'n - 
aquat ic  foods f o r  b i o t a  100 glday o f  p lan ts  
o ther  than man 

118) 

Ducks i v ' n g  - 100 glday 
o f  fi;h?161 

Mink - 50 glday o f  f i s h  a  d  
50 glday o f  inver tebra tes  11 6) 

Average mass o f  organ- Ducks - 1  kg (1,161 
ism feeding on aquat ic  Mink - kg  
food 

(1 6) 
I ,  \ 

Muskrat - 1  k g t ' )  
(1  Raccoon - 12 kql ) 

Heron - 4.6 kg 

(Continued ) 



TABLE 5.3A-14 (Continued) 

Var iab le  Descri  p t i o n  Measurement 

Average e f f e c t i v e  Ducks - 5  cm (1 ) 
rad ius  o f  organisms Mink - 10 cm (16) 
feeding on aquat ic  
food Rabbi t  - 10 cm (16) 

Muskrat - 6  cm (1 1 

Raccoon - 14 cm (1 1 
Heron - 11 cm (1  

Average mass o f  F i sh  - 1  kg (16) 

aquat ic  organism Inver tebra tes  - 0.005 kg (1 6) 

P lan t  - 0.005 kg (16) 

Averaqe e f f e c t i v e  F i sh  - 10 cm (16) 

rad ius  o f  aquat ic  
organism Inver tebra tes  - 2 cm (1 6) 

P lan t  - 2 cm (1 6) 

Exposu~re Via 
Above-Water . 

A c t i v i t i e s  ------------ 

Time spent immersed 100 h r / y r  (1 1 
i n  e f f l u e n t  water 

TAW 

Inges t i on  o f  
M i l k  ------------ 

Time spent i n  above Boating - 100 h r / y r  (1 ) 
water a c t i v i t i e s  Shorel ine a  t i v i t i e s  - 

500 h r / y r  71 1 

AcCumulative f r a c t i o n a l  2.0 x  1 0 ' ~ / 1  fo r  H-3 (10) 
i n take  o f  isotope per 
l i t e r  which i s  t rans -  
f e r r e d  t o  the  m i l k  
each day 
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APPENDIX TO SECTION 10.1 

ATMOSPHERIC EFFECTS OF ALTERNATIVE COOLING SYSTEMS 

DATA USED I N  THE ANALYSIS 

Cool i ng tower c h a r a c t e r i s t i c s  and parameters p e r t i n e n t  t o  t h e  envi  ron- 

mental ana lys is  a re  l i s t e d  i n  Table 10.1A-1. Tower height ,  e x i t  radius,  

e x i t  v e l o c i t y  as w e l l  as ambient and e x i t  temperatures a re  used i n  the  

determinat ion o f  t h e  plume r i s e  f o r  t h e  var ious coo l i ng  systems under 

considerat ion.  Evaporat ion and d r i f t  losses a re  used as source terms 

i n  the  ca l cu la t i ons .  F u l l  power p l a n t  opera t ion  throughout t he  year  i s  

assumed. 

Wind speed values used i n  the  c a l c u l a t i o n s  are developed from meteoro- 

l o g i c a l  data a v a i l a b l e  f o r  S t a t i o n  X-10 and f o r  t he  CRBRP. The mean 

wind speeds f o r  var ious Pasqu i l l  S t a b i l i t y  Classes are l i s t e d  i n  

Table 10.1A-2. 

Temperature humid i ty  frequencies generated from data a v a i l a b l e  from TVA's 

B u l l  Run Steam P l a n t  a re  summarized i n  Table 10.1A-3. 

Plume r i s e  f o r  var ious coo l i ng  system a1 t e r n a t i v e s  i s  ca l cu la ted  us ing 

Br iggs '  equations, as discussed i n  MODELS USED I N  ANALYSIS. Mod i f i ca t i ons  

r e c e n t l y  suggested by Br iggs f o r  mu1 t i p l e  sources" ) are u t i l i z e d .  

Table 10.1A-4 gives plume r i s e  values f o r  t he  extreme temperatures under 

considerat ion.  Pl  ume he igh ts  change as much as 80 percent depending on 

atmospheric cond i t ions .  Due t o  lower e x i t  v e l o c i t y  f o r  t h e  we t ld ry  

mechanical d r a f t  coo l i ng  towers, e f f e c t i v e  stack he igh ts  a re  smal l e r  

than those o f  t he  mechanical d r a f t  wet coo l ing  towers. 



EFFECTS OF COOLING TOWER PLUME AND DRIFT 

V i s i b l e  vapor plumes, ground fog  and i c i n g  a re  estimated f o r  the  f i v e  

a1 t e r n a t i v e  coo l i ng  towers: (1 ) na tura l  d r a f t  wet cool i n g  tower; 

(2) mechanical d r a f t  wet coo l i ng  tower, 1 i nea r  array; (3)  mechanical 

d r a f t  wet coo l i ng  tower, c i r c u l a r  array; (4) mechanical d r a f t  wet/dry 

coo l ing  tower, c i r c u l a r  array, w i t h  30 percent plume sever i ty ;  and 

(5) mechanical d r a f t  wet/dry coo l i ng  tower, c i r c u l a r  array, w i t h  zero per- 

cent plume sever i ty .  To assess o b j e c t i v e l y  the  atmospheric impact o f  

each o f  t he  coo l i ng  systems under considerat ion, ca l cu la t i ons  are  made 

f o r  each a1 t e r n a t i v e  using most probable atmospheric condi t ions (ambient 

temperatures, r e l a t i v e  humid i t ies  and atmospheric s t a b i l i t i e s )  as we l l  

as adverse condi t ions which would most 1 i k e l y  produce long v i s i b l e  vapor 

plumes and ground fog  from wet coo l i ng  systems. The ca lcu la t i ons  are 

made on a comparative basis f o r  a l l  coo l i ng  systems under considerat ion. 

The a n a l y t i c a l  equations used i n  t h e  var ious ca l cu la t i ons  are given i n  

t h e  MODELS USED I N  ANALYSIS sect ion.  

V i s i b l e  Plumes 

The length  o f  v i s i b l e  plumes, shown i n  Table 10.1A-5, from the  

f i v e  a l t e r n a t i v e  tower conf igura t ions  a t  t h e  CRBRP S i t e  are calcu- 

l a t e d  f o r  t h e  meteorological cond i t ions  when t h e  atmosphere i s  

unable t o  hold much add i t i ona l  moisture. I n  very co ld  weather 

(zero and subzero temperatures) and h igh  r e l a t i v e  humid i t ies  (>80%), 

plumes can a t t a i n  long lengths i n  s t a b l e  a i r  w i t h  l i t t l e  occurrence 

o f  ground fog. Such s i t u a t i o n s  are  most 1 i ke ly  t o  occur dur ing  

the w in te r  between midnight  t o  e a r l y  morning. 

Boundaries o f  v i s i b l e  water vapor plumes f o r  var ious cool i n g  systems 

f o r  very unstable (A), unstable (B); s l i g h t  unstable (C), 

neut ra l  (D), s l i g h t l y  s tab le  (E), s tab le  (F)  and atmospheric condi- 

t i o n s  are evaluated. The frequency o f  occurrence o f  a v i s i b l e  



plume o f  ,300 fee t  i n  l eng th  f o r  a1 1  systems under cons idera t ion  i s  

est imated a t  about 58 percent  o f  a l l  hours i n  a  yea r  (5,095) i n  a1 1  

d i r e c t i o n s  f o r  t h e  s i x  atmospheric s t a b i l i t i e s  and temperature and 

humid i ty  cond i t ions .  The frequency d i s t r i b u t i o n  o f  v i s i b l e  plume 

i n  16 d i r e c t i o n s  i s  summarized i n  Tab1 e  10.1A-6. The south t o  west 

sec t i on  w i  11 experience t h e  h ighest  probabi 1  i ty  o f  v i s i b l e  plume 

occurrence (1,763 hours),  f o l  lowed by t h e  n o r t h  t o  east  sec to r  

(1,606 hours),  west t o  n o r t h  sec to r  (678 hours) and east  t o  south 

sec tor  (430 hours) .  

E f f l u e n t s  from na tu ra l  d r a f t  coo l i ng  towers a re  released a t  h igh  

e leva t i ons  w i t h  a  low degree o f  i n i t i a l  turbulence;  t h e i r  h igh  

buoyancy and momentum a re  r e t a i n e d  longer  due t o  t he  lower d i l u t i o n  

w i t h  t h e  ambient a i r .  The n e t  r e s u l t  i s  a  r e l a t i v e l y  h igh  plume 

r i s e .  I n  con t ras t ,  mechanical d r a f t  coo l i ng  tower plumes o r i g i n a t e  

a t  lower e leva t i ons  w i t h  a  h igh  degree o f  i n i t i a l  turbulence and 

lower buoyancy r e s u l t i n g  i n  a  much lower plume r i s e .  With t h e  

c l u s t e r i n g  o f  c e l l s  i n  a  coo l i ng  tower, however, a  reduc t i on  i n  t h e  

r a t e  o f  entrainment o f  t he  plume and ambient a i r  i s  a n t i c i p a t e d  due 

t o  t he  nature o f  the  system. Therefore, the plumes a t t a i n  a  h igher  

r i s e  than i n  t h e  s i n g l e  c e l l  arrangement. ('I The r e s u l t s  i n d i c a t e  

t h a t  v i s i b l e  plumes from n a t u r a l  d r a f t  wet coo l i ng  towers a re  the  

longest  ones fo l lowed by v i s i b l e  plumes from mechanical d r a f t  wet 

cool i ng towers (1 i near and c i  r c u l  a r  a r rays )  and mechanical d r a f t  

w e t i d r y  c o o l i n g  towers (30% and 0% plume s e v e r i t y ) .  The l eng th  of 

n a t u r a l  d r a f t  wet coo l i ng  tower plumes exceed those o f  mechanical 

d r a f t  wet towers by about 10 percent  t o  387 percent  and those o f  

mechanical d r a f t  w e t i d r y  towers by about 33 percent  t o  493 percent  

depending on atmospheric cond i t ions .  

Except f o r  v i sua l  impact, t h e  v i s i b l e  plumes do n o t  reach a i r p o r t s  

i n  t he  p l a n t  v i c i n i t y .  Fur ther ,  t h e  dens i t y  o f  t h e  plumes from 



the  wet/dry coo l i ng  systems i s  l e s s  than those from the  wet coo l i ng  

systems r e s u l t i n g  i n  a  smal l  reduc t ion  i n  ho r i zon ta l  ground 

v i s i b i l i t y .  (2 )  

Ground Fog and I c i n g  

As discussed e a r l i e r ,  t he  e f f e c t i v e  he igh t  o f  na tu ra l  d r a f t  coo l i ng  

tower vapor plumes are  greater  than those o f  a  mechanical d r a f t  

coo l i ng  tower. Hence, t h e  p r o b a b i l i t y  f o r  a  na tu ra l  d r a f t  coo l i ng  

tower vapor plume t o  i n t e r c e p t  t h e  ground i s  much smal le r  than t h a t  

from mechanical d r a f t  coo l i ng  towers. A  s k i l l e d  use o f  a  mechani- 

c a l  d r a f t  wet/dry tower, however, can reduce s i g n i f i c a n t l y  t he  

ground fog  p o t e n t i a l .  

Ca lcu la t ions  i n d i c a t e  t h a t  ground fog i n  t h e  CRBRP v i c i n i t y  w i l l  

occur f o r  both t h e  mechanical d r a f t  wet coo l i ng  tower and mechani- 

ca l  d r a f t  wet/dry cool i n g  tower; however, t h e  dens i t y  o f  ground fog 

from t h e  wet/dry towers w i l l  be less .  Table 10.1A-7 through 

Table 10.1A-10 g i ve  the  ex ten t  o f  ground fog  and i t s  occurrence f o r  

representa t ive  atmospheric cond i t i ons  f o r  those towers which wi 11 

produce fog. Table 10.1A-11 g ives ground fogging p o t e n t i a l  a t  

d i f f e r e n t  l oca t i ons  f o r  e levated t e r r a i n .  

Areas which may be adversely a f f e c t e d  by ground fog  and i c i n g  

i nc lude  the  Gal laher  Bridge, t h e  ORNL b u i l d i n g  complex and I n t e r -  

s t a t e  40. A l l  are l oca ted  a t  t h e  same he igh t  as the  CRBRP and a re  

n o t  sh ie lded by e levated t e r r a i n .  Other areas l i k e l y  t o  be a f fec ted  

by ground f o g  a r e  loca ted a t  e levated t e r r a i n  such as Hood Ridge, 

Dug Ridge, Chestnut Ridge and Moore Ridge. The p red i c ted  numbers 

o f  ground fog hours f o r  these l oca t i ons  a r e  1  i s t e d  i n  Tab1 es 10.1A-12 

and 10.1A-13. Since most o f  t h e  p o t e n t i a l  ground fogging w i l l  occur 

around zero degrees C, i t  w i l l  be accompanied by a  t h i n  l a y e r  of 

r ime i c e  which w i l l  form on ob jec ts  downwind o f  t he  coo l i ng  tower. 



The main b u i l d i n g s  a t  t h e  CRBRP a r e  l oca ted  t o  t he  nor thwest  o f  t he  

coo l i ng  tower a t  a  d is tance of  about 50 meters (m). When winds a r e  

from the  south, t he  plume w i l l  be fo rced downwind toward t h e  main 

p l a n t  b u i l d i n g s  due t o  t h e  low pressure c a v i t y  e f f e c t  caused by 

wind movement around t h e  coo l i ng  tower s t r u c t u r e .  The same argument 

i s  v a l i d  f o r  t h e  swi tchyard  l oca ted  approximately 150 m n o r t h  o f  

t h e  towers. S ince t h e  b u i l d i n g s  and swi tchyard l o c a t i o n s  a re  ten ta-  

t i v e ,  a  corr~plete ana l ys i s  w i l l  have t o  awa i t  a  f i n a l  dec i s i on  

regard ing  t h e i r  s p e c i f i c  l oca t i ons .  Fogging and i c i n g  problems 

w i l l  occur  w i t h  t he  mechanical d r a f t  towers ( n o t  t he  n a t u r a l  d r a f t  

tower).  

Any f o g  w i t h  a t tendent  v i s i b i l i t y  reduc t i on  increases the  chance 

f o r  motor v e h i c l e  acc idents on h e a v i l y  t r a v e l e d  highways. I n t e r -  

s t a t e  40, i n  t h e  v i c i n i t y  o f  Caney Creek, would experience about 

0.7 h r s / y r  o f  severe ground fog  o r  i c i n g  ( h o r i z o n t a l  v i s i  b i  1  i ty o f  

1/10 m i l e  o r  l e s s )  and 0.8 h r s / y r  o f  dense fog  o r  i c i n g  (ho r i zon ta l  

v i s i b i l i t y  o f  1/4 m i l e  o r  l e s s )  from the  mechanical d r a f t  wet 

c o o l i n g  tower ( l i n e a r  a r r a y )  and 0.5 h r s / y r  o f  severe ground f o g  o r  

i c i n g  and 0.8 h r s / y r  o f  dense fog  o r  i c i n g  from the  mechanical d r a f t  

wet cool i ng tower ( c i r c u l a r  a r ray )  f o r  t h e  atmospheric cond i t i ons  

under considerat ion.  For  t h e  same atmospheric cond i t ions ,  no severe 

ground fog  o r  i c i n g  and l e s s  than 0.1 h r / y r  o f  dense f o g  o r  i c i n g  

a r e  a n t i c i p a t e d  from t h e  mechanical d r a f t  wet/dry coo l i ng  tower 

(0% and 30% c i r c u l a r  a r rays) .  Th is  frequency o f  ground fog  i s  con- 

s idered  minimal.  The ORNL b u i l d i n g s  a r e  ou ts ide  the  fogging area 

o f  t h e  c o o l i n g  towers under cons idera t ion  as shown on Table 10.1A-12. 

Some areas a t  t h e  e leva ted  t e r r a i n  w i l l  exper ience a  small d u r a t i o n  

o f  ground fog. These, however, a r e  n o t  i n h a b i t e d  areas. 

No a i r p o r t s  a r e  w i t h i n  t h e  fogging o r  i c i n g  area o f  t he  coo l i ng  

towers under consi  d e r a t i  on. 



D r i  ft Depos i t ion  

T o t a l  d r i f t  r a t e s  f o r  each of t h e  c o o l i n g  systems under consider- 

a t i o n  vary accord ing t o  t h e  type  o f  system. Values a r e  l i s t e d  i n  

Tab1 e  10.1A-1. The concent ra t ion  of t h e  t o t a l  d i sso l ved  s o l  i d s  (TDS) 

i n  t h e  c i r c u l a t i n g  water  i s  375 ppm. 

Two s t a b i l i t y  c lasses were chosen f o r  t h e  ca l cu la t i ons ,  C and D, 

w i t h  wind speed of about 3.4 m/sec. These s t a b i l i t y  c lasses occur  

most f requent ly  d u r i n g  t h e  yea r  and d r i f t  depos i t i on  computed from 

them w i l l  be rep resen ta t i ve  o f  t y p i c a l  a n t i c i p a t e d  values. The 

plume r i s e  o f  t h e  d r i f t  d r o p l e t s  w i t h  a  r e l a t i v e  humid i t y  of 95 per- 

cen t  i s  g iven  i n  Table 10.1A-14. S i ze  range o f  d r i f t  d r o p l e t s  i s  

t h e  mean of t h e  f o u r  curves shown i n  F igure  10.1A-1. The Westing- 

house model, discussed i n  t h e  MODELS USED IN ANALYSIS sect ion,  was 

used i n  t h e  c a l c u l a t i o n s  and t h e  r e s u l t s  a re  summarized i n  

Tables 10.1A-15 through 10.1A-19. Resul ts  a re  g iven  as a  f unc t i on  

o f  t h e  wind d i r e c t i o n  f o r  t h e  maximum depos i t i on  d is tance.  For  

s t a b i l i t y  C t h e  maximum ground l e v e l  depos i t i on  r a t e s  a re  t o  t h e  

south-southwest w i t h  t h e  h ighes t  value, 88.75 lb/acre-month, f o r  

t h e  mechanical d r a f t  wet l i n e a r  tower. For  s t a b i l i t y  c lass  D t h e  

max-imum ground l e v e l  depos i t i on  r a t e s  occur  nor th -nor theas t  o f  t h e  

S i t e  w i t h  t h e  h ighes t  value, 75.31 I b/acre-month, f o r  t h e  mechanical 

d r a f t  wet l i n e a r  tower. Under s t a b l e  atmospheric cond i t ions ,  g r a v i t y  

fo rces  exceed t u r b u l e n t  t r a n s p o r t  r e s u l t i v g  i n  an increased depo- 

s i t i o n  ra te .  I f , f o r  example, t h e  amount o f  c h l o r i d e  i n  t h e  c o o l i n g  

water  i s  considered (about 10 percent  o f  t h e  t o t a l  d isso lved  s o l i d s ) ,  

t h e  maximum depos i t i on  l e v e l s  a r e  8.88 I b/acre-month f o r  s t a b i  1  i t y  C 

and 7.53 I b/acre-month f o r  s t a b i l i t y  F. These l e v e l s  a r e  we1 1  

below those t h a t  can cause daniage t o  crops and a re  sub jec t  t o  

f u r t h e r  reduc t ions  as ambient r e l a t i v e  humid i t i es  o f  95 percent  o r  

g rea te r  occur approx imate ly  f i v e  percen t  o f  the  year .  
, 



General ly  t h e  d r i f t  depos i t i on  l e v e l s  a re  t h e  smal les t  f o r  na tu ra l  

d r a f t  wet coo l i ng  towers fol lowed i n  i nc reas ing  order  by mechanical 

d r a f t  we t l d ry  coo l i ng  towers (1  i n e a r  and c i r c u l a r  a r ray )  and mechan- 

i c a l  d r a f t  wet c o o l i n g  towers ( l i n e a r  and c i r c u l a r  a r ray) .  Recent 

c a l c u l a t i o n s  made f o r  var ious coo l i ng  systems w i t h  t h e  same coo l i ng  

capac i ty  i n d i c a t e  t h a t  d r i f t  r a t e  from mechanical d r a f t  wet coo l i ng  

towers exceeds t h a t  of n a t u r a l  d r a f t  coo l i ng  towers by about a  

f a c t o r  o f  f o u r  t o  f i v e  and t h a t  o f  mechanical d r a f t  w e t l d r y  coo l i ng  

towers by about a  f ac to r  of two t o  th ree .  (3 )  

MODELS USED I N  ANALYSIS 

V i s i b l e  Water Vapor Plumes 

The d i spe rs ion  of t he  water vapor plume downwind o f  a  coo l i ng  tower 

i s  c a l c u l a t e d  from the  Gaussian equat ion: 

+ exp I- rr~;>)2] 

where, 

C(x,y,z,h,) = Excess water vapor concent ra t ion  a t  a  p o i n t  i n  

space x, y, z, g/m 
3  

Q = Release r a t e  o f  water vapor, g/sec 

a  = Hor izon ta l  d i spe rs ion  parameter, m 
Y  

oz = V e r t i c a l  d i spe rs ion  parameter, m - 



he = E f f e c t i v e  plume r i s e ,  equal t o  tower height  

p lus  plume r i s e ,  m 

i = Mean wind speed, m/sec. 

Plume r i s e  i s  ca lcu la ted f o r  unstable and neu t ra l  atmospheres by 

an equation developed by Briggs: (4)  

where, 

Ah = Plume r i s e  above stack top, meters 

F = Buoyancy f l u x  parameter, m4/sec 3 

i = Wind speed, m/sec 

X* = Distance where at~nospheri  c turbulence dominates 

entrainment, m. 

The expressions f o r  F and X* are: 

and 

where, 

g = Grav i ta t i ona l  accelerat ion,  9.81 m/sec 
2 

Wo = E f f l u x  speed of gas from the stack, m/sec 

Ro = I n t e r n a l  s tack radius, m 



T~ 
= Average temperature o f  the  gas emi t ted  from the  

stack, OK 

Ta = Average temperature of ambient a i r ,  OK 

= Density of t h e  gas emit ted from t h e  stack, kg/m 3 
P~ 

= Density o f  ambient a i r ,  kg/m 3 
Pa 

h, = Physical s tack  height,  m. 

I n  s t a b l e  atmospheres, Br iggs '  equat ion 5.7 i s  used: ( 4  

where, 

s = Atmospheric s t a b i  1 i t y  parameter, ~ e c - ~ .  

The atmospheric s t a b i l i t y  parameter s i s  expressed as: 

where, 

O = V e r t i c a l  p o t e n t i a l  temperature grad ien t ,  O C / m .  

The v e r t i c a l  p o t e n t i a l  temperature g rad ien t  i s  given by: 

where, 

= Dry ad iaba t i c  lapse r a t e  o f  the  atmosphere, -0.01 O C / m .  

Based upon above equations, i t  i s  found t h a t  s i s  equal t o  

3.3 x sec-' f o r  an i so the r~na l  atmosphere and 8.8 x sec-2 

f o r  thermal i nve rs ion  o f  1.5 OC/100 m. 



Through recent  work by Briggs, an enhancement term i s  added t o  the 

c a l c u l a t i o n  of plume r i s e . "  ) This  accounts f o r  t he  added buoyancy 

t h a t  nearby c e l l s  from a c l u s t e r  w i l l  obtain, thus increas ing  plume 

r i s e .  The enhanced plume r i s e  developed by Br iggs i s  der ived fro111 

the  f o l  lowing equat ion: 

L 

where, 

AH = Enhanced plume r i s e  above s tack  top, m 

Ah = Plume r i s e  above s tack  top, m 

W = Nurr~ber o f  stacks i n  u n i t  

S = Spacing between c e l l s  on a l i n e a r  a r r a y  o r  ou ts ide  

diameter o f  a c lus te red  array,  m. 

The boundaries o f  the  v i s i b l e  water vapor plume a re  determined as 

fo l lows:  

A t  a  given temperature and humidi ty  c o n d i t i o n  the  ambient moisture 
3 content  i s  g iven by Ca g/m . Under the  same temperature cond i t ions  

3 t he  moisture content  a t  s a t u r a t i o n  i s  g iven by Cs g/m . The water 

vapor plume i s  v i s i b l e  when 



e. g., when the  ambient moisture added t o  t h a t  from the  coo l i ng  

tower equals t o  exceeds t h e  s a t u r a t i o n  value. I sop le ths  o f  t he  

val ues 

y i e l d ,  there fore ,  t he  boundary o f  t he  v i s i b l e  plume f o r  var ious 

atmospheric condi t ions.  

Deposi t ion Model For D r i f t  From Cool i ng Tower 

D r i f t  depos i t ion  from coo l i ng  towers can be ca l cu la ted  us ing a  

Westinghouse model developed by Roffman and Grimble, 1973. (5 )  Th is  

model incorporates a  d i f f u s i o n  type equat ion t h a t  describes the  

s p a t i a l  r a t e  o f  change i n  d r o p l e t  concent ra t ion  as a  func t ion  o f  

t h e i r  r a d i i  , atmospheric cond i t ions  (such as r e l a t i v e  humidi ty ,  

temperature and wind speed), changes i n  t h e i r  s i z e  due t o  evapora- 

t i o n  o r  condensation and changes i n  t h e i r  chemical concentrat ion.  

Plume he igh t  i s  used as an i n p u t  i n  t he  d i f f u s i o n  ca l cu la t i ons  and 

accounts f o r  the  moisture i n  the  plume and poss ib le  condensation as 

described by Hanna, 1972. (6) For a  steady s t a t e  case, the  d i f f e r e n -  

t i a l  equat ion descr ib ing  t h e  d ispers ion  o f  d r i f t  drop1 e ts  i s :  

where, 

x  = Wind v e l o c i t y  i n  x  d i r e c t i o n ,  m/sec 

N  = Number dens i ty  o f  d r i f t  d rop le ts ,  m-3 

vt = D r i f t  d r o p l e t  te rmina l  v e l o c i t y ,  m/sec 



K yK yK = The d i f f u s i o n  c o e f f i c i e n t s  i n  x  (downwind), 
X Y Z  

y (crosswind) and z  ( v e r t i c a l  ) d i rec t i ons  
2 respect ive ly ,  m /sec 

R = Drop le t  radius, m 

t = Time, sec. 

This equation i s  i n teg ra ted  numer ical ly  t o  y i e l d  the  deposi t ion 

r a t e  o f  d r i f t  d rop le ts .  A d e t a i l e d  mathematical desc r ip t i on  i s  

provided i n  a  paper by Roffman and Grimble. (5 



TABLE 10.1A-1 

COOLING TOWER CHARACTERISTICS 

No. of  Towers 

No. o f  C e l l s  
2 Tower Dimensions (m ) 

Tower He igh t  (m)* 

Tower E x i t  D iameter  (m)* 

Tower E x i t  Radius (m)* 

E x i t  V e l o c i t y  (m/sec)* 
3 

T o t a l  C i r c u l a t i n g  Water (m /set) 

Evapo ra t i ve  Losses (kg /sec)  

D r i f t  Losses (kg /sec)  

TDS ( P P ~ )  

Blowdown ( kg / sec )  

Ambient Temp. (OF) 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

Stack Temp. (OF) 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

Evapora t ion  Rate (gm/sec)* 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

Mechanical  D r a f t .  Wet 
Tower, L i n e a r  A r ray  

Mechanical  O r a f t  Wet 
Tower, C i r c u l a r  A r ray  

Na tu ra l  D r a f t  Wet 
Tower 

Mechanical  D r a f t  
WetlDry Tower, 

30% Plume S e v e r i t y  

Mechanical  D r a f t  
WetlDry Tower, 

0% Plume S e v e r i t y  

*Per c e l l  



TABLE 10.1A-2 

WIND SPEEDS FOR THE VARIOUS PASQUILL STABILITY CLASSES 

Wind Speed (m/sec) 

S t a t i o n  X - l o *  CRBRP CRBRP 
S tab i  1 i ty (31.6 m Level ) (22.8 111 Level )**  (61 m Level )** Mean 

*Record: November 1971 t o  November 1972 

**Record: A p r i l  1973 t o  October 1973 
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TABLE 10 .1A-5  

MEAN LENGTH OF V I S I B L E  PLUME FOR VARIOUS COOLING SYSTEMS 

I AND S T A B I L I T Y  CLASSES 

Natura l  D r a f t  Wet 
Cool i n g  Tower 

Mechanical D r a f t  Wet 
Cool ing Tower, L inea r  
Array 

Mechanical D r a f t  Wet 
Cool ing Tower, C i r c u l a r  
Array 

Mechanical D r a f t  Wetlory 
Cool ing Tower, 30% 
Plume Sever i t y  

Mechanical D r a f t  Wetlory 
Cool ing Tower, 0% 
Plume S e v e r i t y  

Stab i  1 i t y  
Class 

A 

B 

C 

0 

E 

F 

A 

B 

C 

0 

E 

F 

A 

B 

C 

0 

E 

F 

A 

B 

C 

0 

E 

F 

A 

B 
C 

0 

E 

F 

No. o f  Ground Fog 
and I c i n q  Hours 

100% Re1 . Hum. Severe Foq 

Mean Length o f  V i s i b l e  Plume, 
For Re la t i ve  Humid i t ies  

100% 95% 85% - - -  
9,871 2,550 1.800 

11,228 2,775 2,475 

13,201 4,700 3,150 

19,220 10,500 4,600 

23.051 13,650 10,800 

27,617 18,018 15,660 

2,550 950 600 

5,500 1,783 1,250 

8,200 2,900 2,100 

9,600 6,000 4,600 

13,400 8,800 8,000 

16,500 12,800 11,100 

3,600 1,000 700 

7,000 1,850 1 ,450 

9,000 3,100 2,300 

10,400 7,000 5,000 

13,500 9,000 8,300 

16,600 13,000 11,300 

2,000 700 500 

5,000 1,650 1,050 

7,700 2,400 1,750 

8,400 5,100 3,100 

9,600 7,350 6,300 

10,400 9,275 8,700 

2,200 825 650 

5,150 1,700 1,225 

7,975 2,600 2,075 

8,750 5,275 3,500 

10,250 7,525 6,700 

11,300 10,300 9,350 
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TABLE 10.1A-7  

POTENTIAL GROUND FOGGING FOR MECHANICAL DRAFT WET COOLING TOWER, L INEAR ARRAY 

Max. I n t e n s i t y  

Distance (m) Densi ty  (9/m3) 

800 0.14 

3,200 0.08 
- -  -- 

Minimum 
Hor i z .  V i s i b i l i t y  

Feet Miles 

718 0.14 

1,017 0.19 
-- -- 

Hours o f  Ground Fog o r  I c i n g  

Hor iz .  V i s i b i l i t y  Hor iz .  V i s i b i l i t y  Hor iz .  V i s i b i l i t y  
1 /2 M i l e  o r  Less 1/4 M i l e  o r  Less 1/10 M i l e  o r  Less 

Ground I n t e r c e p t i o n  

Begin (m) End (m) 
Hours of Temp. 

a t  100% R.H. 

8.77 

8.77 

TOTAL HOURS 
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T A B L E  1 0 . 1 A - 9  

P O T E N T I A L  GROUND FOGGING FOR MECHANICAL DRAFT WET/DRY COOLING TOWER, 30 PERCENT PLUME S E V E R I T Y  

Ground Interception 

Begin (m) End (m) 

700 1,400 
- -  -- 
-- -- 
- - - - 
-- -- 
-- -- 
700 1,400 
--  - - 
-- - -  
-- - - 
-- - - 
-- - - 
500 1,600 

2,400 4,800 
-- -- 
- - --  
-- -- 
-- - - 
500 1,600 

1,400 4,000 
--  - -  
-- -- 
- - - - 
- - - -  
500 1,600 

1,400 3,800 

2,600 5,600 
- - - - 
- - -- 
-- -- 
500 1,600 

1,200 4,800 

2,000 5,200 
- - -- 
-- -- 
-- - - 

Max. Intensity 

Distance (m) Density (q/m3) 

800 0.06 
- - - - 

Minimum 
Horiz. Visibility 

Feet Miles 

1,200 0.23 
- - - - 
-- - - 
- - - - 

Hours of Ground Foq or lcinq 

Horiz. Visibility Horiz. Visibility Horiz. Visibility 
112 Mile or Less 114 Mile or Less 1/10 Mile or Less 

1.53 1.53 --  
-- - - - - 
-- -- - - 
-- - - - - 

Hours of Temp. 
at 100% R.H. 

8.77 
- - 
- -  

TOTAL HOURS 137.58 137.58 0 



TABLE 10 .1A-10  

POTENTIAL GROUND FOGGING FOR MECHANICAL DRAFT WETIDRY COOLING TOWER, ZERO PERCENT PLUME SEVERITY 

Ground I n t e r c e p t i o n  

Beqin (m) End (m) 

700 900 

Max. I n t e n s i t y  

Dis tance (m) Densi ty  (q/m3) 

800 0.06 
- - - - 

Minimum 
Hor iz .  V i s i b i l i t y  

Feet Miles 

1,200 0.23 
- - --  

Hours of Foqging o r  I c i n g  

Hor iz .  V i s i b i l i t y  Hor iz .  V i s i b i l i t y  Hor iz .  V i s i b i l i t y  
112 M i l e  o r  Less 1/4 M i l e  o r  Less 1/10 M i l e  o r  Less 

Hours of Temp. 
a t  100% R.H. 

8.77 
- - 

TOTAL HOURS 137.58 137.58 0 





T A B L E  1 0 . 1 A - 1 2  

A N T I C I P A T E D  AREAS OF FOG IMPACT FROM THE COOLING TOWERS 

Number o f  Fog Hours Per  Year* 

D i r e c t i o n  A l t i t u d e  Mechanical  D r a f t  Mechanical  D r a f t  Mechanical  D r a f t  Mechanical  D r a f t  
D i s t ance  From The Above P l a n t  Wet Coo l i ng  Tower Wet Coo l i ng  Tower WetlDry Tower WetlDry Tower 

S e n s i t i v e  Area Downwind, m P l a n t  Grade, m M i l e s  Feet  L i n e a r  A r ray  C i r c u l a r  A r ray  30% Plume S e v e r i t y  0% Plume S e v e r i t y  

ORNL 7,240 N E 0 1/2 2,640 

1/4 1,32.0 

1/10 528 

I n t e r s t a t e  40 1,770 SSE 0 112 2,640 

114 1,320 

1/10 528 

Gal l a h e r  B r i dge  2,575 NW 0 112 2,640 

1 /4  1,320 

1/10 528 

*The va lues  presented r e f l e c t  t he  c u r r e n t  s t a t e - o f - t h e - a r t  i n  plume model ing  and a re  l i m i t e d  i n  accuracy  t o  + x 10 



TABLE 10 .1A-13  

S e n s i t i v e  Area 

Hood Ridge 

Dug Ridge 

Chestnut Ridge 

Chestnut Ridge 

Chestnut  Ridge 

Chestnut Ridge 

Chestnut  Ridge 

2 Chestnut Ridge 
P Moore Ridge 

m 
I Moore Ridge 
IU 
QI 

Dis tance 
Downwind, m 

1,420 

1,210 

2,410 

1,930 

3,380 

5,630 

7,720 

8,200 

2,010 

2,570 

ANTICIPATED SEVERE FOGGING* FROM THE COOLING TOWERS 

D i r e c t i o n  
From The 

P l a n t  

NE-ENE 

SW 

N 

W 

NNE 

NNE-NE 

NNE-NE 

NE-ENE 

ESE-SE 

SE-SSE 

A1 ti tude 
Above P l a n t  

Grade, m 

100 

102 

93 

68 

75 

75 

93 

68 

117 

126 

Ground Foq, Hours Per Year 

Mechanical D r a f t  Mechanical D r a f t  Mechanical D r a f t  Mechanical D r a f t  
Wet Cool i ng Tower Wet Cool i nq Tower Wet/Dry Tower WetlDry Tower 

L i n e a r  A r ray  C i r c u l a r  Ar ray  30% Plume S e v e r i t y  OX Plume S e v e r i t y  

0.50 0.50 0.50 -- 
0.27 0.27 0.27 -- 

*Hor i zon ta l  v i s i b i l i t y  1/10 m i l e  o r  l e s s  



TABLE 10.1A-14 

EFFECTIVE PLUME RISE OF DRIFT DROPLETS 

( i n  meters) 

Mechanical D r a f t  Mechanical D r a f t  Mechanical D r a f t  Mechanical D r a f t  
S t a b i  1 i t y  Wet Tower, L i n e a r  Wet Tower, C i r c u l a r  N a t u r a l  D r a f t  WetIDry Tower, Wet/Dry Tower, 

Class A r r a y  Ar ray  Wet Tower 30% Plume S e v e r i t y  0% P l  ume S e v e r i t y  



TABLE 10 .1A-15  

D R I F T  DEPOSITION FROM A NATURAL DRAFT WET TOWER 

D r i f t  Deposi t ion Rate f o r  Various D i rec t ions  From the  S i t e  (1  b/acre-month)* - 

S t a b i l i t y  
Class N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW - - - - - - - - -  - - - - - - -  

1 8.20 1 
A 

*C S t a b i l i t y :  0.162 x 10-I kg/rn2 - y r  = (1.204 x 10 lb/acre-month) jm) = 1.338 x 10 lb/acre-month a t  2518.0 rn 
-b 



TABLE 1 0 . 1 A - 1 6  

D R I F T  DEPOSITION FROM A MECHANICAL DRAFT WET TOWER, L I N E A R  ARRAY 

D r i f t  Depos i t i on  Rate f o r  Var ious D i r e c t i o n s  From the  S i t e  ( lb /acre-month)*  

S tab i  1 i t y  
Class N NNE N E ENE E ESE SE SSE S SSW SW WSW \I WNW NW NNW - - - - - - - - - - - - - - - - -  

C 34.22 83.71 43.10 57.07 29.19 29.19 12.67 6.34 17.11 88.75 41.86 39.31 8.88 10.13 5.09 22.85 

D 23.49 75.31 36.25 58.94 23.07 20.71 7.96 5.18 26.27 49.38 24.59 29.89 9.56 12.76 6.78 11.53 

2 *C S t a b i l i t y  0.710 kglm - y r  = (527.89 lb iacre-month)  (g) = 541.48 1 b/acre-month a t  326.5 m 

2 
D S t a b i l i t y  0.552 kg/. - y r  = (410.41 lb iacre-month)  (g) = 420.98 lb/acre-month at 360.7 
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(14) 
I. FISH AND DUNCAN 
2. ENVl RONMENTAL SYSTEMS CORP (4) 
3. .RESEARCH COTTRELL (UNPUBLISHED) 
4. G.P U, 

PERCENT OF TOTAL MASS SMALLER THAN STATED 

F i g u r e  10 .1A-1  CUMULATIVE MASS D ISTRIBUTION OF D R I F T  DROPLETS FOR 
VARIOUS DIAME ERS AS OBSERVED ABOVE THE D R I F T  
ELIMINATORS (7  T 



1 4 . 6  APPENDIX TO SECTION 1 0 . 3  



APPENDIX TO SECTION 10.3 

CRBRP DISCHARGE PLUME STUDY 

INTRODUCTION 

During operat ion, the CRBRP coo l ing  system w i l l  evaporate small q u a n t i t i e s  

of water. Chemical const i tuents  w i t h i n  the  coo l ing  water w i l l  increase 

and must be discharged t o  main ta in  the  water chemistry w i t h i n  acceptable 

l i m i t s .  This aqueous discharge a t  elevated temperature and chemical 

const i tuents  i s  known as blowdown and w i l l  be released t o  the  C l inch 

River .  Several a1 t e r n a t i v e  means o f  d ischarging the  b l  owdown t o  the  

C l inch River are discussed i n  t h i s  sect ion;  they may be c l a s s i f i e d  as 

(1 )  surface discharge; (2)  submerged s i n g l e  p o r t  discharge and (3)  sub- 

merged mu1 ti p o r t  discharge. 

The Cl inch River  e x h i b i t s  c h a r a c t e r i s t i c s  of both a f lowing stream and 

an impoundment depending on the  magnitude of c o n t r o l l e d  releases from 

various upstream and downstream TVA dams, see Sect ion 2.5. Therefore, 

a discharge plume ana lys is  must consider cases representa t ive  o f  both 

t y p i c a l  ( f lowing)  and extreme (extended n o - f l  ow) condi t ions.  Tab1 e 10.3A-1 

i d e n t i f i e s  the  f o u r  f l o w  regime cases examined i n  t h i s  study. Cases 

analyzed f o r  each a1 t e r n a t i v e  are i nd i ca ted  i n  Table 10.3A-2. 

ALTERNATIVE DISCHARGE DESIGNS 

Three discharge designs are considered i n  t h i s  study. A l l  are sub jec t  

t o  the  blowdown c h a r a c t e r i s t i c s  presented i n  Table 10.3A-3. As blowdown 

f l o w  var ies  seasonal ly ,  discharge e x i t  v e l o c i t y  var ies  accordingly as 

we l l  as among the  a l t e r n a t i v e  designs, as can be seen i n  Table 10.3A-4. 

The surface discharge i s  shown i n  Figure 10.3A-1 and i s  b a s i c a l l y  a p ipe  

te rminat ing  w i t h  a f l a r e d  end a t  t he  minimum water l e v e l  (735 f e e t  MSL). 



E x i t  v e l o c i t i e s  depend on t he  w a t e r  su r face  e l eva t i ons ;  a t  t h e  minimum 

water  1 eve1 a supe rc r i  ti ca l  open-channel v e l o c i t y  i s  produced w h i l e  t h e  

niaximuni wa te r  l e v e l  o f  741 f e e t  MSL produces a submerged nozz le .  

F i gu re  10.3A-2 i 11 u s t r a t e s  the  submerged s i n g l e  p o r t  d ischarge design. 

A covered p ipe  i s  l a i d  t o  t h e  s h o r e l i n e  and i s  extended t o  a des i r ed  

e l e v a t i o n  and o f f s h o r e  d is tance .  The p ipe  i s  f i t t e d  w i t h  an 8- inch 

d iameter  converging nozz le  and i s  l oca ted  a t  an e l e v a t i o n  f o u r  f e e t  

below t h e  minimum water  l e v e l  o r  a t  approx imate ly  731 f e e t  MSL. The 

submerged s i n g l e  p o r t  d ischarge i s  an a t t r a c t i v e  design because o f  i t s  

a b i l i t y  t o  r a p i d l y  reduce t he  "excess temperature" (degrees F above 

r i v e r  ambient)  o f  t h e  e f f l u e n t .  Th i s  i s  accomplished through r a p i d  m ix ing  

induced by t h e  h i gh  momentum d ischarge and t h e  ex is tence  o f  ambient 

water  on a l l  s ides  o f  t he  e n t r a i n i n g  j e t .  

I f  t h e  number o f  nozz les a r e  increased, t h e r e  tends t o  be a more r a p i d  

? m i x i ng  o f  t he  e f f l u e n t  w i t h  ambient waters.  A case i n  p o i n t  i s  t h e  

mu1 ti p o r t  d ischarge shown i n  F igure  10.3A-3. M i x i ng  occurs more r a p i d l y  

w i t h  t h e  m u l t i p o r t  than t h e  s i n g l e  p o r t  because o f  t he  inc rease  i n  

en t ra inment  area. The m u l t i p o r t  d ischarge examined i n  t h i s  s tudy i s  so 

designed t h a t  t h e  e x i t  v e l o c i t y  through each o f  t h e  f o u r  nozz les i s  equal 

t o  t h a t  o f  t he  s i n g l e  p o r t  nozz le .  

ASSUMPTIONS 

A1 though i t  u t i  1 i zes s t a t e - o f - t h e - a r t  mathematical  models , t h e  d ischarge 

s tudy  i s ,  a t  best ,  a t h e o r e t i c a l  est- iniate o f  t h e  a n t i c i p a t e d  plumes. 

Resul ts  presented a r e  s u b j e c t  t o  a degree of u n c e r t a i n i t y  as i s  i nhe ren t  

i n  any a t tempt  t o  apply  mathematical q u a n t i f i c a t i o n  t o  environmental  

events.  

To compensate f o r  gaps i n  t h e  s t a t e  of  t h e  a r t  and t o  render  t h e  mathe- 

mat ics  more t r a c t a b l e ,  severa l  assumptions have been made i n  t h e  course 

o f  t h i s  study. These a re  g e n e r a l l y  conserva t i ve  i n  na tu re  and, there -  



fo re ,  tend t o  increase r a t h e r  than reduce the  ex ten t  o f  the  pred ic ted  

plume formations. 

Heat t ranspor t  t o  the  atmosphere i s  neglected i n  the  thermal plume 

ana lys is .  Although i t  i s  an important  heat d i s s i p a t i o n  mechanism i n  

f a r  f i e l d  mixing, t he  CRBRP thermal plumes are n o t  extensive and an~bient  

temperatures are achieved before s i g n i f i c a n t  t ranspor t  would occur. 

The depth o f  the mixed l a y e r  f o r  both thermal and chemical p l ~ ~ m e s  i s  

taken as one-eighth o f  t he  t r a j e c t o r y  length.  A poss ib le  consequence 

o f  t h i s  assuniption i s  t o  d i s favo r  s l i g h t l y  the  m u l t i p o r t  discharge by 

assigning t o  i t  h igh  values f o r  mixed l a y e r  depth i n  comparison t o  the  

s i n g l e  p o r t .  I n  a c t u a l i t y ,  the  mu1 ti p o r t  mixed l a y e r  depth may be 

c loser  t o  one- twe l f th  than one-eighth the t r a j e c t o r y  and the  s i n g l e  

p o r t  one-s ix th r a t h e r  than one-eighth the  t r a j e c t o r y .  

Downstream p r o f i l e s  o f  thermal plume development f o r  the  f l ow ing  water 

cases are est imated by assum-irlg a constant  value o f  l a t e r a l  eddy d i f -  

f u s i v i t y  f o r  open channel d ispers ion.  Determinat ion o f  actual  d i f f u s i v i -  

t i e s  would r e q u i r e  an extensive f i e l d  program o f  dye studies.  This  

was no t  considered essen t i a l  as the  CRBRP discharge i s  small compared 

t o  the  s i z e  o f  the C l i nch  R iver  and, as t h i s  study demonstrates, does 

no t  ho ld  the  p o t e n t i a l  f o r  s i g n i f i c a n t  adverse environmental impact. 

Eddy d i  ff u s i v i  t y  values chosen are based on exper imenta l ly  determined 

values obtained f o r  the  Missour i  ~ i v e r , ' ' )  a waterbody s i m i l a r  i n  

channel s i ze  t o  the  Cl inch River .  A1 though the  constant values chosen 

a re  n o t  necessari l y  conservat ive, t h e i r  use does n o t  subs tan t i a l  l y  

a1 t e r  the  r e s u l t s  o f  t h i s  study. 

Plume development f o r  the  extreme cases i s  c o n t r o l l e d  by the  discharge 

j e t .  A t  the p o i n t  o f  plume impingement w i t h  the  surface, a two- 

dimensional model f o r  near f i e l d  i s  u t i l i z e d  w i t h  a f a c t o r  o f  0.154 x 

(where x i s  the  d is tance along the  plume t r a j e c t o r y  measured from plume 

lead ing  edge t o  discharge p o i n t )  governing plume ho r i zon ta l  spreadi rrg . ( 3 )  



Wind and wave a c t i o n  i s  ignored throughout t he  ana l ys i s  as the  mathe- 

mat i  cs i n v o l  ved i n  p r e d i c t i n g  t h e i r  e f f e c t  i s  extremely complex. Th is  

in t roduces conservatism i n t o  the  s tudy by n o t  t a k i n g  c r e d i t  f o r  a 

p o t e n t i a l l y  l a r g e  ex te rna l  inducement t o  ni ix ing. Resul ts  obta ined f o r  

t he  extreme cases are p a r t i c u l a r l y  af fected by t h i s  assumption as s i g -  

n i f i c a n t  wind and wave-stimulated mix ing o f  t he  plumes may be reasonably 

a n t i c i p a t e d  dur ing  a 29 day per iod.  The f u l l  values o f  t he  p red i c ted  

plume ex ten ts  f o r  these cases w i l l ,  therefore,  r a r e l y  m a t e r i a l i z e .  

Chemical i s o p l e t h s  a re  determined by c o r r e l a t i o n  w i t h  t he  isotherms 

from the  waste heat  (thermal discharge) ana lys is .  D i l u t i o n  o f  waste 

heat and chemicals i s  assumed t o  occur s imul taneously ;  thus, a d i l u t i o n  

o f  two o f  t h e  waste heat  i s  equ iva len t  t o  a d i l u t i o n  o f  two o f  t h e  blowdown 

chemical concentrat ions above ambient. 

SURFACE DISCHARGE 
'\ 

The environmental performance o f  t h e  sur face  discharge was predetermined 

t o  be p o t e n t i a l  l y  i n f e r i o r  t o  t h e  submerged designs f o r  a1 1 cond i t i ons .  

Therefore, i t  was n o t  considered essen t i a l  t o  eva lua te  a l l  f o u r  f l o w  

cases f o r  t he  sur face discharge a1 t e r n a t i v e .  

Extreme Case -- February 

For the  February extended no-f low case, t h e  CRBRP e f f l u e n t  e x i t s  

the discharge nozzle a t  t he  water  sur face  i n  a s u p e r c r i t i c a l  s t a t e  

(Fronde number > I ) .  V e l o c i t y  and depth a re  assumed t o  be c r i t i c a l  

and the  energy l oss  due t o  turbulence from t h e  h y d r a u l i c  pump a t  

the  mix-iug p o i n t  i s  neglected. A sur face discharge model developed 

f o r  three-dimensional buoyant j e t s  i s  u t i l i z e d  f o r  the ana lys is .  (4 )  

Surface and cross-sect ional  isotherms f o r  t h i s  case are  shown i n  

F igure  10.3A-4. The thernial p lu~i ie  extends n e a r l y  t o  t h e  r i v e r  



bottom and, as such, water  a t  ambient temperature avai  l a b l e  f o r  

m ix ing  may be r e s t r i c t e d  caus ing increases i n  p l  ume temperatures 

( p a r t i c u l a r l y  t h e  <2.5"F isotherms) .  I n  t h e  immediate v i c i n i t y  o f  

t he  discharge, temperature d i f f e r e n t i a l s  as h i gh  as 20 degrees F a r e  

produced a t  t h e  sur face.  These, however, do n o t  occupy s i g n i f i c a n t  

sur face acreage. Isotherms represen t ing  5, 2.5 and 1.25 degrees F 

a re  produced as t h e  plume extends outward and these encompass 

0.02, 0.12 and 0.61 su r f ace  acres, r e s p e c t i v e l y .  

As noted under ASSUMPTIONS, chemical i s o p l e t h s  a re  determined based 

on a pos tu l a ted  equiva lency between t h e  d i l u t i o n  o f  waste hea t  and 

chemicals . Val ues f o r  chemical i sop1 e ths  a re  g iven  as percentages 

accord ing  t o  t h e  f o l l o w i n g  formula:  

where, 

CM = Chemical concen t ra t i on  o f  t h e  mixed e f f l u e n t  a f t e r  

j e t  momentum i s  d i s s i p a t e d  

CA = Ambient C l i n c h  R i v e r  che~ i i i ca l  concen t ra t i on  

CI = I n i t i a l  blowdown concent ra t ion .  

The value assigned t o  a chemical i s o p l e t h  thus represents  a percent -  

age o f  the  d i f f e r e n c e  between i n i t i a l  blowdown and r i v e r  ambient 

chemical concen t ra t ions .  Determinat ion o f  CM i s  made by e s t i m a t i n g  

t h e  mininium iso therma l  r e g i o n  t h a t  i s  a f f e c t e d  by t he  d ischarge j e t  

and conve r t i ng  t o  a chemical d i l u t i o n .  

For t he  February 29 day no- f low case, t h e  chemical plume f o r  t h e  

sur face  d ischarge occupies 2,032 acres a t  t h e  surface and extends 

approx imate ly  9.7 m i l e s  on e i t h e r  s i d e  o f  t h e  d ischarge p o i n t .  

Mixed depth o f  t h e  plume i s  taken as one-e ighth o f  t he  t r a j e c t o r y  



(see ASSUMPTIONS) o r  2.7 feet.  As the  CRBRP in take  s t r u c t u r e  i s  

loca ted  1.8 m i l es  upstream o f  the  discharge, r e c i r c u l a t i o n  o f  water 

con ta in ing  h ighe r  than r i v e r  ambient chemical concentrat ions w i l l  

occur. The f a c t o r s  con t ro l  1 i n g  the  magnitude o f  r e c i r c u l a t i o n  are 

the  concent ra t ion  f a c t o r  f o r  t he  coo l i ng  system (2.5) and the 

ho r i zon ta l  r a t e  o f  t r a v e l  f o r  the plunie (0.04 fps f o r  t h i s  case 

o f  t he  sur face discharge).  Thus, a f t e r  2.7 days, t he  boundary o f  

the  i n i t i a l  i s o p l e t h  (5.9%) reaches .the in take .  Blowdown concen- 

t r a t i o n  i s  increased by 5.9 percent and a second i s o p l e t h  (6.2%) 

begins t o  niove outward fro111 the  discharge p o i n t .  A f t e r  another 

2.7 days, the  boundaries o f  t h i s  i s o p l e t h  reach the  i n t a k e  and a 

f u r t h e r  incremental  r i s e  i n  blowdown concent ra t ion  i s  r e a l  ized.  

This  process cont inues, as seen i n  Table 10.3A-5, so t h a t ,  a t  the  

conclus ion o f  t he  29-day no-f low per iod,  t h e  chemical plunie niay be 

represented by 11 i sop le ths  1.8 m i l es  apa r t  moving outward concen- 

t r i c a l l y  from the  discharge p o i n t .  Chemical concent ra t ion  increases 

w i t h i n  the  plume range from a 10.4 percent  i s o p l e t h  i n  t he  i n take -  

discharge v i c i n i t y  t o  t he  i n i t i a l  5.9 percent  i s o p l e t h  which now 

forms the  o u t e r  plume boundaries. Cool ing system blowdown concen- 

t r a t i o n  a f t e r  29 days i s  increased by 76 percent.  

Extreme Case -- J u l y  

Dur ing t h e  summer months, t h e  normal pool e l e v a t i o n  o f  t he  C l inch  

R iver  i s  such t h a t  t he  sur face discharge p o i n t  i s  submerged under 

s i x  f e e t  o f  water. For t he  29-day no- f low case i n  Ju l y ,  the 

c e n t e r l i n e  o f  the  discharge plume would sur face  approximately 

34 f e e t  d i r e c t l y  o f f  the  nozzle. ( 5 )  1 t s  "excess temperature" would 

be 2.9 degrees F and the  plume would be approximately 14 f e e t  wide. 

As p rev ious l y  noted, t he  depth o f  the  plume's mixed l a y e r  i s  

assumed t o  be one-eighth o f  t h e  t r a j e c t o r y  o r  4.5 f e e t .  A t  t h e  

p o i n t  o f  impingement w i t h  t he  water  sur face  t h e  plume w i l l  tend t o  

take on the  c h a r a c t e r i s t i c s  o f  a two-dimensional j e t  w i t h  v e r t i c a l  



entrainment i n h i b i t e d .  From the  p o i n t  o f  impingement, outward 

spreading of t he  plume i s  est imated t o  be 0.154 x (see ASSUMPTIONS). 

Results o f  t h e  ana lys is  are shown i n  F igure  10.3A-5 f o r  sur face  

and c ross-sec t iona l  isotherms of t h i s  "near-surface" discharge. 

Residual momentum enables a f u r t h e r  d i l u t i o n  a f t e r  impingement 

from a f a c t o r  o f  9  t o  approximately 17 where ambient. turbulence 

dominates the  mix ing.  The 1.5 and 1.0 degree F isotherms encompass 

approximately 0.054 and 0.116 surface acres, r e s p e c t i v e l y  . 

The 29 day no-flow c o n d i t i o n  would c rea te  a l a r g e  area where 

chemical cons t i t uen ts  of t he  blowdown w i l l  be de tec tab le .  A t  a  

mixed depth o f  4.5 f ee t ,  t h i s  would be equ i va len t  t o  1,212 acres 

o r  approximately 7.8 m i l es  o f  t h e  C l i nch  R ive r  on e i t h e r  s i de  of 

t he  d ischarge p o i n t .  Rec i r cu la t i on  w i l l  occur i n  a manner s i m i l a r  

t o  t h a t  descr ibed fo r  t he  February ext re~i ie  case; however, t he  

h o r i z o n t a l  r a t e  o f  plume t r a v e l  i s  0.05 fps  f o r  t h i s  case. Chemi- 

c a l  i s o p l e t h s  formed a f t e r  29 days range from 11.3 percent  i n  t he  

in take-d ischarge v i c i n i t y  t o  5.9 percent  a t  t he  ou ter  plume 

boundaries. Blowdown chemical concent ra t ion  i s  increased by 

91 percent.  

SUBMERGED SINGLE PORT DISCHARGE 

Typ ica l  Case -- Winter 

Under t h e  w i n t e r  cond i t ions ,  l i s t e d  i n  Table 10.3A-1, t h e  C l i nch  

R ive r  has a cross-sect ional  area of 3,830 square f e e t  and a mean 

v e l o c i t y  o f  1.32 fps.  P l a n t  discharge i s  a t  5.39 c f s  and 74 degrees 

F, as shown i n  Table 10.3A-3. E x i t  v e l o c i t y  f o r  the  submerged 

s i n g l e  discharge i s  15.4 fps  as shown i n  Table 10.3A-4. A t  t h i s  

v e l o c i t y ,  t h e  j e t  w i l l  i n i t i a l  l y  undergo or l ly  ~i i i r r imal downriver 

d e f l e c t i o n  i n  the  r i v e r  crossflow. However, by the  t ime the  plume 

has reached t h e  surface, i t  w i l l  be dominated by t h e  ambient 



v e l o c i t y .  A f t e r  impingement t he  mixed plume w i l l  be advected and 

d i f f u s e d  i n  t h e  downstream d i r e c t i o n .  

The preceding cond i t i ons  w i l l  produce a plume tha t ,  a t  t he  p o i n t  o f  

impingement, w i  11 have an "excess temperature" o f  approximately 

1.7 degrees F, a plume w id th  o f  20 f e e t  and a mixed depth o f  

6.0 f ee t .  Ambient turbulence w i l l  c o n t r o l  the plume a f t e r  impinge- 

ment. Downstream p r o f i l e s  o f  t he  waste heat a re  est imated by 

assuming a constant  value o f  l a t e r a l  eddy d i f f u s i v i t y  f o r  open- 

channel d ispers ion  (see ASSLIMPTIONS) . Surface and c ross-sec t iona l  

isotherms f o r  t he  plume a re  presented i n  F igure 10.3A-6. Surface 

acreage encompassed i s  0.043 and 0.273 f o r  t he  1.0 and 0.5 degree F 

isotherms, r e s p e c t i v e l y  . 

Chemical concentrat ions w i t h i n  the  discharge p l  ume a re  represented 

by 5.5 and 1.6 percent  i s o p l e t h s  which conform t o  t he  p o i n t  o f  

impingement and t h e  0.5 degree F isotherm, respec t i ve l y .  

Typ ica l  Case -- Summer 

llnder summer cond i t i ons  l i s t e d  i n  Table 10.3A-1, t h e  C l i nch  R iver  

has a w id th  o f  657 f e e t ,  depth o f  11.6 f e e t  and mean v e l o c i t y  o f  

0.63 fps .  The, submerged s i n g l e  p o r t  d ischarge has an e x i t  v e l o c i t y  

o f  20.6 fps,  a  f l o w  r a t e  o f  7.20 c f s  and a temperature o f  

90.1 degrees F. 

The plume i s  est iniated t o  have an "excess temperature" o f  approx i -  

mate ly  0.84 degrees F a t  t he  p o i n t  o f  sur face  impingenient, w id th  

of 30 f e e t  and a mixed depth o f  approximately 8.8 f e e t .  C l i nch  

R ive r  cur ren ts  w i l l  convey t h e  mixed e f f l u e n t  downstream and reduce 

t h e  "excess temperature" through d i f f u s i o n .  Downstream p r o f i  1  es 

o f  t h e  waste heat  a r e  est imated as shown i n  F igu re  10.3A-7. 



Chemical cons t i t uen ts  of the  blowdown w i l l  be de tec tab le  w i t h i n  t he  

thermal e f f l u e n t .  A t  t h e  0.5 degrees F isotherm, t he  chemical 

cons t i t uen ts  o f  the plume w i l l  be approximately 2.1 percent  o f  the 

d i f f e r e n c e  between r i v e r  ambient and the  i n i t i a l  blowdown 

concentrat ion.  

Extreme Case -- February 

Under the  February 29-day no-f low cond i t i ons  l i s t e d  i n  Table 10.3A-1, 

the  waste heat p a t t e r n  i n  the  C l i nch  R ive r  may be represented as 

shown i n  F igure  10.3A-9. The 5.44 c f s  discharge e x i t s  the  nozzle 

a t  approximately 15.6 f ps  and mixes w i t h  ambient water as i t  t r a v e l s  

along a t r a j e c t o r y  o f  45 fee t .  The e f f l u e n t  i s  d i l u t e d  by a r a t i o  

o f  17.2 t o  1 by t h e  t ime i t  reaches t h e  sur face and a t  the  p o i n t  

o f  sur face in~pingement has been reduced t o  an "excess temperature" 

o f  1  .9 degrees F. 

A f t e r  reaching the  su r face , - t he  j e t  w i l l  e s t a b l i s h  a mixed sur face 

l a y e r  o f  approximately 5.6 f e e t  and take t h e  form o f  a two- 

dimensional j e t .  The j e t  spreading produces sur face  areas o f  

0.025 and 0.146 acres f o r  t he  1.5 and 1.0 degrees F isotherms, 

respec t i ve l y .  

Noteworthy i n  the  depth ex ten t  o f  t h e  plume i s  t he  bottom impinge- 

ment shown i n  F igure 10.3A-9. Approximately 0.1 acres w i l l  be 

a f f e c t e d  by waste heat a t  l e v e l s  o f  1.0 t o  1.2 degrees F. 

Operat ion o f  t h e  blowdown system f o r  29 days under no-f low condi- 

t i o n s  would c rea te  an area upstream and downstream o f  t h e  discharge 

p o i n t  where chemical cons t i t uen ts  o f  t he  blowdown would be preva len t .  

A t  a  mixed depth between 2.6 and 5.6 f e e t ,  t h i s  would be equ iva len t  

t o  2,550 acres o f  water  t h a t  would have some detec tab le  chemical 

i n f l uence .  The e x t e n t  o f  t h i s  plume i s  such t h a t  r e c i r c u l a t i o n  

a t  t he  p l a n t  i n t a k e  w i l l  occur i n  a s i m i l a r  fash ion  t o  t h a t  



described f o r  the  sur face discharge. A f t e r  29 days, t h e  chemical 

i sop le ths  w i l l  range from 4.6 percent  i n  t he  in take-d ischarge 

v i c i n i t y  t o  3.1 percent  a t  t he  plume boundaries. Blowdown concen- 

t r a t i o n  i s  increased by 48 percent .  

The mathematics employed y i e l d s  a chemical plume ex ten t  o f  16.2 m i l es  

both up and downstream o f  the  discharge p o i n t .  I n  a c t u a l i t y ,  the  

upstream e x t e n t  cannot m a t e r i a l i z e  due t o  t he  presence o f  Melton 

H i l l  Dam 7.1 m i l es  above the  d ischarge p o i n t .  A p r e c i s e  mathemati- 

c a l  s o l u t i o n  t o  plume format ion once i t s  upstream t r a v e l  has 

reached the  dam t a i l r a c e  i s  n o t  poss ib le .  Most l i k e l y ,  t he  dam 

w i l l  a1 t e r  plu~i ie development i n  two ways. Back pressure w i l l  

even tua l l y  d i v e r t  a l a r g e r  percentage o f  t he  discharge j e t  down- 

stream inc reas ing  plume e x t e n t  i n  t h a t  d i r e c t i o n .  Plume progress ion 

upstream w i l l  cont inue a t  a s l i g h t l y  reduced r a t e  w i t h  succeeding 

i sop le ths  spreadiqg o u t  t he  plume and causing i t  t o  occupy a l a r g e r  

p o r t i o n  o f  t h e  r i v e r  cross-sect ion.  However, as i n d i c a t e d  i n  

ASSLIMPTIONS, est imates o f  plume leng th  a re  conservat ive p r e d i c t i o n s  

and development o f  the  plumes t o  these f u l l  ex ten ts  i s  h i g h l y  

u n l i k e l y .  

Extreme Case --' J u l y  

Under t he  J u l y  29-day no-f low cond i t i ons ,  t he  waste heat  p a t t e r n  

i n  the  C l i nch  R ive r  may be represented as shown i n  F igu re  10.3A-9. 

The 7.24 c f s  discharge e x i t s  the  nozzle a t  approximately 20.7 f e e t  

pe r  second and mixes w i t h  ambient water as i t  t r a v e l s  along a 

t r a j e c t o r y  o f  70 f e e t .  The e f f l u e n t  i s  d i l u t e d  by a r a t i o  of 

28.6 t o  1 by the  t ime i t  reaches t h e  sur face  and a t  t h e  p o i n t  of 

sur face impingement has been reduced t o  an "excess temperature" of 

0.9 degrees F. 

A f t e r  reaching t h e  surface, t he  j e t  w i l l  e s t a b l i s h  a mixed surface 

l a y e r  o f  approximately 8.8 f e e t  as i t  spreads l a t e r a l l y  and v e r t i c a l l y  



Approximately 0.09 acres w i l l  be.encompasged w i t h i n  t h e  0.5 degrees F 

isotherm. A steady wind blowing across the  r i v e r  towards t h e  d i s -  

charge cou ld  have the  e f f e c t  o f  backing up t h e  plume causing an 

e l e v a t i o n  o f  t he  sur face  "excess temperaturel1 o f  more than 

2 degrees F. 

Operat ion o f  t he  d ischarge system f o r  29 days o f  a  no-f low c o n d i t i o n  

would c rea te  an area upstream and downstream o f  t he  discharge p o i n t  

where chemical cons t i t uen ts  o f  t he  b l  owdown would be preva len t .  

A t  a  mixed depth o f  8.8 f ee t ,  t h i s  would be equ i va len t  t o  1,398 acres 

o f  water  t h a t  would have some detec tab le  chemical i n f l u e n c e  o r  

approximately 8.8 mi les  o f  t h e  C l i nch  R ive r  on e i t h e r  s i d e  o f  t he  

discharge po in t .  Chemical i s o p l e t h s  would range from 5.3 percent  

i n  t h e  in take-d ischarge v i c i n i t y  t o  3.5 percent  a t  t he  plume bound- 

a r i e s .  Blowdown concent ra t ion  would increase 50 percent.  The 

e f f e c t  o f  Melton H i l l  Dam on plume development w i l l  be s i m i l a r  t o  

t h a t  descr ibed f o r  t he  February extreme case. 

SUBMERGED MLILTIPORT DISCHARGE 

Typ i ca l  Case -- Winter 

The submerged m u l t i p o r t  discharge cons is ts  o f  f o u r  nozzles, each 

f o u r  inches i n  diameter, spaced th ree  f e e t  apar t .  Under t h e  condi-  

t i o n s  l i s t e d  i n  Table 10.3A-3, t h e  w i n t e r  discharge i s  5.39 c f s  a t  

a  temperature o f  74.0 degrees F. Discharge v e l o c i t y  i s  15.44 fps 

f o r  each nozzle. The water  sur face  w i l l  be approximately four  fee t  

above t h e  nozzles. 

The preceding cond i t ions  w i l l  produce a plume tha t ,  a t  t h e  p o i n t  

o f  impingement, w i  11 have an "excess temperature"  o f  approximately 

1.55 degrees F, a plume w i d t h  of 25.7 f e e t  and a mixed depth o f  



approximately 3.8 f e e t .  A f t e r  sur face  i~iipingement, the  e f f l u e n t  

i s  f u r t h e r  d ispersed by ambient turbulence.  F igure  10.3A-10 shows 

the sur face and c ross-sec t iona l  isotherms as the plume i s  conveyed 

downriver. The 1.0 and 0.5 degrees F isotherms are  shown t o  extend 

approximately 114 and 646 f e e t  below the  p o i n t  o f  impingement and 

encompass 0.07 and 0.88 acres, respec t i ve l y .  

Chemical cons t i t uen ts  o f  the blowdown can be detected i n  the  thermal 

plume. Levels o f  chemical cons t i t uen ts  present  i n  t he  b l  owdown 

may be detected a t  t he  0.5 degrees F isotherm a t  approximately 

1.6 percent  o f  t he  d i f f e r e n c e  between r i v e r  ambient and the  i n i t i a l  

b l  owdown concentrat ions . 

Typ ica l  Case -- Summer 

Discharge f l o w  r a t e  f o r  the  summer case i s  7.20 c f s .  Under t h i s  

cond i t i on  the  mu1 t i  p o r t  discharge has an e x i t  v e l o c i t y  o f  20.6 fps.  

The plume i s  est imated t o  have an "excess temperature" o f  approx i -  

mate ly  0.87 degrees F a t  t h e  p o i n t  o f  impingement, a  w id th  o f  

40.7 f e e t  and a niixed depth o f  approximately 6.3 f e e t .  A f t e r  

sur face  impingement, t he  e f f l u e n t  f i e l d  i s  conveyed downstream and 

d i  1  uted by ambient turbulence.  

An es t imate  o f  t he  surface and c ross-sec t iona l  isotherms under t he  

t y p i c a l  summer cond i t i ons  i s  shown i n  F igure  10.3A-11. The 

0.5 degrees F isotherm w i l l  extend approximately 26 f e e t  downriver 

from the  p o i n t  o f  impingement and encompass approx imate ly  0.30 acres. 

Rapid d i l u t i o n  reduces the  l e v e l s  o f  waste heat  and chemical con- 

s t i  tuen ts  of t h e  b l  owdown. Level s  o f  chemical cons t i t uen ts  present  

i n  the  blowdown may be de tec tab le  a t  t he  0.5 degrees F isotherm 

a t  approximately two percent  o f  the  d i f f e r e n c e  between r i v e r  ambient 

and the  i n i t i a l  blowdown concentrat ion.  



Extreme Case -- February 

Under the February 29 day no- f low cond i t ions  l i s t e d  i n  Table 10.3A-1, 

t he  thermal plume may be represented as shown i n  F igure  10.3A-12. 

The 5.44 c f s  discharge e x i t s  each nozzle a t  approximately 15.6 fps 

and mixes w i t h  ambient water  as i t  t r a v e l s  along a t r a j e c t o r y  o f  

28 f e e t .  The e f f l u e n t  i s  d i l u t e d  by a r a t i o  o f  20 t o  1 by the  t ime 

i t  reaches t h e  sur face a t  the p o i n t  o f  impingement and has been 

reduced t o  an. "excess temperature" o f  1.6 degrees F. 

A f t e r  reaching t h e  sur face the  j e t  w i l l  e s t a b l i s h  a mixed sur face 

l a y e r  o f  approximately 3.5 f ee t .  J e t  spreading produces sur face 

areas o f  0.11 and 0.48 acres f o r  t he  1.0 and 0.5 degrees F isotherms, 

respec t i ve l y .  The plume w i l l  impinge the  bottom a f f e c t i n g  approx i -  

mately 0.22 acres by waste heat  a t  l e v e l s  o f  0.5 t o  0.8 degrees F. 

Operat ion o f  the  discharge system f o r  29 days under no- f low condi-  

t i o n s  would c rea te  an area upstream and downstream o f  the discharge 

p o i n t  where chemical cons t i t uen ts  o f  t h e  blowdown would be detec- 

tab le .  A t  a mixed depth o f  3.5 f ee t ,  t h i s  would be equ i va len t  t o  

1,850 acres o f  water  o r  approximately 12.4 m i l es  o f  t he  C l i n c h  

R ive r  on e i t h e r  s i de  o f  t h e  discharge p o i n t  ( sub jec t  t o  t h e  q u a l i -  

f i  ca t ions  concerning Me1 ton  H i  1 1 Dam p rev ious l y  mentioned). Chemical 

i s o p l e t h s  f o r  the plume range from 2.6 percent i n  the  i n take -  

discharge v i c i n i t y  t o  1.6 percent  a t  t he  ou te r  boundaries. Blow- 

down concentrat ion i s  increased 63 percent.  

Extreme Case -- J u l y  

Under t h e  cond i t ions  l i s t e d  i n  Table 10.3A-1, t he  waste heat p a t t e r n  

i n  t h e  C l i nch  R ive r  may be represented as shown i n  F igure  10.3A-13. 

The 7.24 c f s  discharge e x i t s  through each o f  t h e  f o u r  nozzles a t  

approximately 20.7 fps, mixes w i t h  ambient water  and t r a v e l s  along 



a t r a j e c t o r y  o f  47 f e e t .  The e f f l u e n t  i s  d i l u t e d  by a r a t i o  o f  

27.8 t o  1 by the  t ime i t  reaches the  surface and, a t  t he  p o i n t  o f  

sur face impingement, has been reduced t o  an "excess temperature" o f  

0.95 degrees F. 

A f t e r  reaching the surface, the j e t  w i l l  e s t a b l i s h  a mixed surface 

' l a y e r  o f  approximately 5.9 f e e t .  The 0.5 degree F isotherm encom- 

passes approximately 0.44 acres. 

Operat ion o f  the discharge system f o r  29 days under no-flow cond i t ions  

would c rea te  an area upstream and downstream o f  t he  discharge p o i n t  

where chemical cons t i t uen ts  o f  the  blowdown would be detectable.  

A t  a  mixed depth o f  5.9 f ee t ,  t h i s  would be equ i va len t  t o  2,030 acres 

t h a t  would have some detec tab le  chemical in f luence o r  approximately 

12.8 m i l es  o f  t he  C l i nch  R iver  on e i t h e r  s i de  o f  the discharge p o i n t .  

Chemical i s o p l e t h s  range from 2.7 percent i n  t he  in take-d ischarge 

v i c i n i t y  t o  1.9 percent a t  t he  ou te r  boundaries o f  t he  plume. 

Bl  owdown concentrat ion increases 41 percent .  

SUMMARY 

Thermal P l  umes 

A d e s c r i p t i o n  o f  t he  thermal plumes a t  t he  p o i n t  o f  impingement 

w i t h  t he  r i v e r  sur face i s  g iven i n  Table 10.3A-6. Plumes are 

charac ter ized  by "excess temperature", ex ten t  and mixed l a y e r  depth. 

Surface acreage w i t h i n  t he  plumes i s  presented i n  Table 10.3A-7. 

Chemi ca 1 P 1 umes 

Chemical cons t i t uen ts  i n  the CRBRP discharges must be considered 

i n  one o f  two separate classes: coo l i ng  system blowdown chemicals 



and non-blowdown chemicals. The blowdown contains water  t h a t  has 

been concentrated by a 2.5 f a c t o r  due t o  c o o l i n g  system evaporat ion 

and d r i f t  losses. Also, i t s  chemical concent ra t ion  i s  dependent 

on makeup water qua1 i ty and, there fo re ,  i s  a f fec ted  by r e c i r c u l a t i o n .  

Non-blowdown discharges i nc lude  t h e  b i o c i  de system, s a n i t a r y  waste 

system and l i q u i d  radwaste system e f f l u e n t s .  These are  n o t  s i g -  

n i f i c a n t l y  a f f e c t e d  by e i t h e r  the  coo l i ng  system concent ra t ion  f a c t o r  

o r  r e c i r c u l a t i o n  t h a t  occurs f o r  the  extrenie (29 day no- f low) cases. 

Tab1 e 10.3A-8 g ives  the  sur face acreage and corresponding i s o p l  e ths 

f o r  blowdown chemical cons t i tuen ts .  By m u l t i p l y i n g  i s o p l e t h  values 

g iven elsewhere i n  t h i s  s tudy by 1.5 ( t o  account f o r  t h e  c o o l i n g  

system concent ra t ion  fac to r ) ,  the  i sop le ths  i n  Table 10.3A-8 are  

expressed as percent  concent ra t ion  increases above r i v e r  ambient 

(equ iva len t  t o  t h e  isotherms which are  expressed as degrees F above 

r i v e r  ambient). B l  owdown chemical concent ra t ion  increases a f t e r  

29 days of no f l o w  are g iven i n  Table 10.3A-9. Surface acreage 

and corresponding i sopleths f o r  t he  non-bl owdown chemical cons t i  - 
tuents  o f  t he  p l a n t  discharge a re  presented i n  Table 10.3A-10. 



TABLE 10.3A-1 

SELECTED FLOW REGIME 'CASES FOR DISCHARGE PLUME STUDY 

Cond i t ion  

R i v e r  Flow (c fs )  

Pool Level ( f e e t  MSL) 

Water Temperature (OF) 

Typ ica l  Case Extreme Case 

Win te r  Summer February J u l y  

5,068 4,777 29 day no- f low 



TABLE 10.3A-2 

FLOW CASES ANALYZED FOR DISCHARGE ALTERNATIVES 

A1 t e r n a t i  ve 

Surface Discharge 

Submerged S ing le  P o r t  

Submerged Mu1 ti p o r t  

Typ ica l  Case Extreme Case 

Wi n t e r  Summer February J u l y  

X X 

X X X X 

X X X X 



TABLE 10.3A-3 

CRBRP BLOWDOWN CHARACTERISTICS 

Typ ica l  Case Extreme Case 

Cond i t ion  Winter Summer February J u l y  

Blowdown Temperature (OF) 74.0 90.1 74.4 90.7 

B l  owdown Flow ( c f s  ) 5.39 7.20 5.44 7.24 



TABLE 10.3A-4 

EXIT VELOCITIES FOR ALTERNATIVE DISCHARGES 

( i n  f p s )  

A1 t e r n a t i  ve 

Surface Discharge 

Submerged Single Por t  

Submerged Mu1 t i p o r t *  

Typical  Case Extreme Case 

Winter Summer February J u l y  

- - - - 4.90 9.22 

*Ve loc i t i es  apply t o  each nozzle 



TABLE 10.3A-5 

CHEMICAL ISOPLETH DEVELOPMENT AS A FUNCTION OF RECIRCULATION 

DURING EXTREME, 29 DAY NO-FLOW, CASES 

Increase I n  
T i  me I s o p l e t h  Blowdown Concentrat ion 

(days ) (percent)  (percent )  

Surface Discharge, Extreme Case -- February 

Surface Discharge, Extreme Case -- J u l y  

0 0 

5.9 0 

6.2 5.9 

6.6 12.1 

7.0 18.8 

7.4 25.8 

7.9 33.2 

8.3 41.1 

8.8 49.4 

9.3 59.2 

(Continued) 

14.6-21 



TABLE 10.3A-5 (Continued) 

Increase I n  
Time I s o p l e t h  Blowdown Concentrat ion 

(days ) (percent)  (percent)  

Surface Discharge, Extreme Case -- J u l y  (Continued) 

Submerged S ing le  Po r t  Discharge, Extreme Case -- February 

0 0 0 

2.1 3.1 0 

4.2 3.2 3.1 

6.3 3.3 6.3 

8.4 3.4 9.6 

10.6 3.5 13.0 

12.7 3.6 16.5 

14.8 3.7 20.1 

16.9 3.9 23.8 

19.0 4.0 27.7 

21.1 4.1 31.6 

23.2 4.2 35.7 

25.3 4.3 39.9 

27.4 4.5 44.2 

29 4.6 48.0 

(Con t i  nued) 



TABLE 10.3A-5 (Continued) 

Increase I n  
T i  me I s o p l e t h  Blowdown Concentrat ion 

(days ) (percent ) (percent ) 

Submerged S ing le  P o r t  Discharge, Extreme Case -- J u l y  

Submerged Mu1 t i p o r t  Discharge, Extreme Case -- February 

(Con ti nued) 

14.6-23 



TABLE 10.3A-5 (Continued) 

Increase I n  
T i  me Isople th  Bl owdown Concentration 

( days ) (percent)  (percent)  

Sub~iierged M u l t i p o r t  Discharge, Extreme Case -- February (Continued) 

(Continued) 

14.6-24 



TABLE 10.3A-5 (Continued) 

Increase I n  
T i  me I s o p l e t h  Blowdown Concentrat ion 

(days ) (percent)  (percent)  

Submerged M u l t i p o r t  Discharge, Extreme Case -- J u l y  

0 0 0 

1.5 1.9 0 

3.0 1.9 1.9 

4.6 2.0 3.8 

6.1 2.0 5.8 

7.6 2.0 7.8 

9.1 2.1 9.9 

10.6 2.1 12.0 

12.2 2.2 14.9 

13.7 2.2 16.3 

15.2 2.3 18.5 

16.7 2.3 20.7 

18.2 2.3 23.0 

19.8 2.4 25.5 

21.3 2.4 27.7 

22.8 2.5 30.1 

24.3 2.5 32.6 

25.8 2.6 35.1 

27.4 2.6 37.8 



TABLE 1 0 .3A-6  

DESCRIPTION OF THERMAL PLUMES A T  POINT  OF IMPINGEMENT WITH RIVER SURFACE 

Surface Discharge Submerqed S inq le  P o r t  Submerged Mu1 t i p o r t  

Excess Plume Depth o f  Excess Plume Depth o f  Excess Plume Depth o f  
Temperature Width M ixedLayer  Temperature Width M ixedLayer  Temperature Width M ixedLayer  

(OF) ( f e e t )  ( f e e t )  (OF) ( f e e t )  ( f e e t )  (OF) ( f e e t )  ( f ee t )  

Typ ica l  Case - ,- - - - - 1.70 20.0 6.0 1.55 25.7 3.8 
-- Winter  

Typ ica l  Case - - - - -- 0.84 30.0 8.8 0.87 40.7 6.3 
-- Summer 

Extreme Case 32.3 * 1.90 11.8 5.6 1.60 11.8 3.5 * 
-- February 

Extreme Case 2.90 14.0 4.5 0.90 23.5 8.8 0.95 23.5 5.9 -- J u l y  

*Discharge i s  a t  sur face o f  water  



TABLE 10.3A-7 

SURFACE ACREAGE ENCOMPASSED BY THERMAL PLUMES 

Surface Discharge Submerged S ing le  P o r t  Submerged Mu1 t i  p o r t  

1 .O 1.5 Isotherms (OF): 0.5 0.5 1 .O 1.5 0.5 1 .O 1.5 - - - --- 
Typica l  Case - - - - - - 0.273 0.043 < 0.001 0.880 0.070 < 0.001 

-- Winter  

Typ ica l  Case - - - - - - 0.028 < 0.001 < 0.001 0.300 < 0.001 < 0.001 
-- Summer 

Extreme Case 0.61 * NA** 0.146 0.025 0.480 0.110 <0.001 
-I -- February 
f 
m 
I Extreme Case 0.166 0.116 0.054 0.090 <0.001 <0.001 0.440 < 0.001 < 0.001 
N 
w -- J u l y  

*At 1.25 degrees F iso therm 

**Not Appl icable.  Mathematical model employed cannot handle boundary e f f e c t s  caused by 
impingement o f  0.5 degree F isotherm w i t h  opposi te  shore. 



TABLE 1 0.3A-8 

SURFACE ACREAGE ENCOMPASSED BY CHEMICAL ISOPLETHS FOR 

COOLING SYSTEM BLOWDOWN CHEMICAL CONSTITUENTS* 

Sur face Discharge Submerged S i n g l e  P o r t  Submerged Mu1 t i  p o r t  

I sop le th * *  Ex ten t  I s o p l e t h  'Extent  I s o p l e t h  Ex ten t  
(%) (acres)  (%) (acres)  (%) (ac res)  

T y p i c a l  Case - - - - 2.4 0.273 2.4 0.880 
-- Win te r  

Typ i ca l  Case - - - 3.2 0.028 3.0 0.300 
-- Sumner 

Extreme Case 15.6-8.9 2,032 6.9-4.7 2,500 3.9-2.4 1,850 
A -- February 
P 

cn 
I 
IU 

Extreme Case 17.0-8.9 1,212 8.0-5.3 1,398 4.1-2.9 2,030 
m -- J u l y  

*Only t h e  chemical c o n s t i t u e n t s  o r i g i n a t i n g  i n  the blowdown a re  s u b j e c t  t o  t he  c o o l i n g  
system 2.5 concen t ra t i on  f a c t o r  and t he  e f fec ts  of r e c i r c u l a t i o n  ( f o r  the  extreme cases). 

* * Isop le ths  th roughout  t h i s  Table a re  g iven  as percentages above r i v e r  ambient r a t h e r  
than as a percen t  d i f ference between r i v e r  ambient and i n i t i a l  blowdown concent ra t ions .  



TABLE 10.3A-9 

COOLING SYSTEM BLOWDOWN CHEMICAL CONCENTRATION INCREASES 

DUE TO RECIRCLILATION FOR EXTREME CASES 

Extreme Case -- February Extreme Case -- J u l y  
(percen t )  ( pe rcen t )  

Sur face Discharge 7 6 9 1 

Submerged 
S i n g l e  P o r t  

Submerged 
Mu1 ti p o r t  



TABLE 10.3A-10 

SURFACE ACREAGE ENCOMPASSED BY CHEMICAL ISOPLETHS FOR 

NON-BLOWDOWN CHEMICAL CONSTITUENTS* 

Surface Discharge Submerged S ing le  Por t  Submerged M u l t i p o r t  

I s o p l e t h  Extent  I s o p l e t h  Extent  I s o p l e t h  Extent  
( %  (acres) ( %  (acres) (%) (acres)  

Typical  Case -- - - 1.6 0.273 1.6 0.880 
-- Winter 

Typ ica l  Case - - - - 2.1 0.028 2.0 0.300 
-- Summer 

--I 

P Extreme Case 5.9 2,032 3.1 2,550 1.6 1,850 
7' -- February 
rc, 
0 

Extreme Case 
-- J u l y  

*CRBRP e f f l u e n t  streams n o t  a f f e c t e d  by the  coo l i ng  'system concentrat ion f a c t o r  o r  
r e c i  r c u l a t i o n  inc lude the  discharges o f  t he  b ioc ide  system, 1 i q u i d  radwaste system 
and san i ta ry  waste treatment system. 



USE INTERFACE STANDARD 
I "FLARED END" PIPE (OR STEEL 

, EQUIVALENT) 

\ 
- .  

CLINCH RIVER 

' RIP RAP . '-. 

CLINCH RIVER 

F i  gure 10.3A- 1 SURFACE DISCHARGE DESIGN 

14.6-31 
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Figure 1 0 . 3 A - 2  SUBMERGED SINGLE PORT DISCHARGE DESIGN 
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Figure  10.3A-3  SUBMERGED MULTIPORT DISCHARGE DESIGN 



SURFACE ISOTHERMS 

I 
SCALE OF F E E T  

-- -- WATER L E V E L  AT LOW POOL 
Q, = 5 .44  cf s ELEVATION ( 7 3 5  feet MSL) 
a,= 0 
V, = 4.90 fps 
VA= o CROSS-SECTIONAL ISOTHERMS 

AT, = 3 2 . 3 O F  
Z = 0 feet  

NORTH 

I 
SCALE OF F E E T  

SOUTH 

RIVER ELEVATION 
(Feet  MSL)  

F i g u r e  1 0 . 3 A - 4  SURFACE DISCHARGE, EXTREME CASE--FEBRUARY 



SURFACE ISOTHERMS 

___------ 
0 

m 
SCALE OF FEET 

- - -- WATER LEVEL AT LOW POOL 
Q o =  7.24 cfs ELEVATION ( 7 3 5  feet MSL) 
Q A =  0 
v;= 9 . 2 2  fps 

CROSS-SECTIONAL ISOTHERMS 

NORTH 
1.5O F I.O°F 0.5OF 

SCALE OF FEET 

SOUTH 

RIVER ELEVATION 
(Feet MSL) 

F i g u r e  1 0 . 3 A - 5  SURFACE DISCHARGE, EXTREME CASE--JULY 



SURFACE ISOTHERMS 

I.O°F 0.5O F 

o= 

SCALEOFFEET 

Q,= 5.39 cfs --- - WATER LEVEL AT LOW POOL 
QA= 5 0 6 8  cfs ELEVATION (735 Feet MSL ) 
V, = 15.44 fps 
VA= 1.32 fps 

OT, = 31.0° F CROSS-SECTIONAL ISOTHERMS 
Z = 4 f e e t  

NORTH 

1 

SCALE OF FEET 

SOUTH 

RIVER ELEVATION 
(Feet MSL) 

F i g u r e  10 .3A-6  SUBMERGED SINGLEPORT DISCHARGE, TYPICAL CASE--WINTER 



SURFACE ISOTHERMS 

Discharge Point I 
S C A L E O F  F E E T  

0, = 7 .20  cfs - -- - WATER LEVEL AT LOW POOL 
QA= 4 7 7 7 c f s  ELEVATION ( 7 3 5  feet MSL) 
v;= 20 .63  fps 
VA=  0 . 6 3  fps 

O T ~ =  2 4 . 1 ° F  CROSS-SECTIONAL ISOTHERMS 
Z = I 0  feet 

NORTH 

7 3 5  

7 2 9  
7 2 7  

7 2 7  
725  

7 2  1 

SOUTH 

RIVER ELEVATION 
(Feet MSL) 

F i g u r e  1 0 . 3 A - 7  SUBMERGED S 1:NGLEPORT DISCHARGE, T Y P I C A L  CASE--SLIMMER 



SURFACE ISOTHERMS 

SCALE OF FEET 

Q o =  5.44 c f s  - - -- WATER LEVEL AT LOW POOL 
QA= 0 ELEVATION (735 feet MSL) 
VO = 15.58 fps 

CROSS-SECTIONAL ISOTHERMS 

NOFfT H 

74 1 
739 

737 
15OF 1.00 F 

729 
727 

725 0 

72 3 
72 1 SCALE OF FEET 

SOUTH' 

RIVER ELEVATION 
(Feet MSL) 

F i g u r e  1 0 . 3 A - 8  SUBMERGED SINGLEPORT DISCHARGE, EXTREME CASE--FEBRUARY 



SURFACE ISOTHERMS 

-- -- 
Q, = 7 .24c fs  WATER LEVEL AT LOW POOL 

ELEVATION (735 Feet MSU 
QA- 0 
V,= 20 .74 fps  
VA= 0 

OT, = 26.3OF CROSS-SECTIONAL ISOTHERMS 
Z = l o f e e t  

NORTH SOUTH 

741 

739 
7 37 

735 
733 

73 1 
729 
727 

725 i/ 723 SCALE OF FEET 721 

RIVER ELEVATION 
(Feet MSL) 

F igure  1 0 . 3 A - 9  SUBMERGED S INGLEPORT DISCHARGE, EXTREME CASE--JULY 



SURFACE ISOTHERMS 

0.5O F 
1 .oO F 0 0 

SCALE OF FEET 

-- -, WATER LEVEL AT LOW POOL 
Qo= 5.39 cfs ELEVATION (735  Feet MSL) 
QA- 5 0 6 8  cfs 
V, = 15.44fps 

Z = 4 feet 

CROSS-SECTIONAL ISOTHERMS 

NORTH 

SCALE OF FEET 

SOUTH 

RIVER ELEVATION 
(Feet MSL) 

F i g u r e  1 0 . 3 A - 1 0  SUBMERGED MULTIPORT DISCHARGE, TYP ICAL  CASE--WINTER 



SURFACE ISOTHERMS 

0 100 2 0 0  
I 

S C A L E O F F E E T  

Qo= 7 . 2 0  c f s  ---- WATER LEVEL AT LOW POOL 
Q = 4 7 7 7  c f  s ELEVATION ( 7 3 5  feet M S L )  
Vo= 20 .63 fps  

VA= 0.63 f  p s  
OT = 2 4 . 1 ~ ~  CROSS-SECTIONAL ISOTHERMS 
Z = I0 feet 

NORTH 

7 4  1 
0.5' F 

7 3 9  

7 3 7  

7 2 9  
7 2 7  

7 2 5  0 100 2 0 0  
7 2 3  I 
7 2  1 SCALE OF F E E T  

SOUTH 

RIVER ELEVATION 
( feet  M S L )  

F igure  1 0 . 3 A - 1 1  SUBMERGED M U L T I P O R T  DISCHARGE, T Y P I C A L  CASE--SUMMER 

1 4 . 6 - 4 1  



SURFACE ISOTHERMS 

4 

Discharge Pcint \ \ . 

\ \ SCALE OF FEET 

--- - WATER LEVEL AT LOW POOL 
ELEVATION (735  Feet MSL) 

Vo = 15.58cfs 

VA- 0 
O T ~  = 32.3OF CROSS-SECTIONAL ISOTHERMS 
Z = 4 f e e t  

NORTH 

0 
I 

SCAL E OF FEET u 

sou-r H 

RIVER ELEVATION 
(Feet M S U  

F i g u r e  1 0 . 3 A - 1 2  SUBMERGED MULTIPORT DISCHARGE, EXTREME CASE--FEBRUARY 



SURFACE ISOTHERMS 

Qo - 7.24 C ~ S  - -- - WATER LEVEL AT LOW POOL 
QA= 0 ELEVATION (735  Feet MSIJ 
Vo= 20.74 fps  

VA= 0 
O T ~ =  2 6 . 3 ' ~  CROSS-SECTIONAL ISOTHERMS 

Z = I0 f ee t  

NORTH 

L o inn 3nn \ 

L SCALE OF FEET 1 

SOUTH 

RIVER ELEVATION 
(Feet MSL) 

F igure 1 0 . 3 A - I 3  SUBMERGED Ml lLTIPORT DISCHARGE, EXTREME CASE--JULY 



14.7 REFERENCES 



APPENDIX R E F E R E N C E S  

2.7A REFERENCES 

1.  Scott ,  W .  B . ,  and Crossman, E .  J .  , Freshwater Fishes of Canada, 
Bulletin 184, Fisheries Research Board of Canada, Ottawa, 1973. 

2. Carlander, K. D . ,  Handbook of Freshwater Fishery Biology, Vol I ,  
The Iowa Sta te  University Press, Ames, Iowa, 1969. 

3. Dendy, J .  S., "Food of Several Species of Fish, Norris Reservoir, 
Tennessee," Journal of Tennessee Academy of Science, 21 (1 ); 105-27, . . -  
cited in Carlander, K. D . ,  Handbook of Freshwater ~ i s h e r y  Biology, 
Vol I ,  The Iowa Sta te  University Press, Ames, Iowa, 1969. 

4. Be1 1 ,  M. C . ,  Fisheries Handbook of Engineering Requirements and 
Biological Cr i te r ia ,  Fisheries - Engineering Research Program 
Corps of Engineers, North Pacific Division, Portland, Oregon, 
February 1973. 

5. Lagler, K. F. ,  Bardack, J .  E . ,  and Miller, R .  R . ,  Ichthyology, 
1 / :  John Wiley & Sons, Inc., September 1963. 

6. Martin, R. E . ,  Averback, S. I . ,  and Nelson, D. J . ,  Growth and 
Movement of Smallmouth Buffalo, Ictiobus bubalus (Rafinesque), 
In Watts Bar Reservoir, Tennessee, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, January 20, 1964. 

7. Harlan, J .  R . ,  and Speaker, E .  B . ,  Iowa Fish and Fishing, State  
Conservation Commission, Iowa, 1956. 

5.2A and 5.3A REFERENCES 

1 .  Final Environmental Statement Concerning Proposed Rule Making 
Action: Numerical Guides for  Design Objectives and Limiting 
Conditions for  Operation t o  Meet the Criterion "As Low as Practi- 
cable" for  Radioactive Material in Light-Water-cooled Nuclear 
Power Reactor Effluents, WASH-1258, U.S. A E C ,  July 1973. 

2. Lederer, C.  M . ,  Hollander, J .  M . ,  and Perlman, I . ,  Table of Isotopes, 
Sixth Edition, John Wiley & Sons, Inc., 1967. 



Mar t i n ,  M. J., Rad ioac t i ve  Atoms - Supplement 1, ORNL-4923, 
November 1973, 33 pages. 

Berger, J. J.9 Na t i ona l  Bureau o f  Standards, Beta-Ray Dose i n  T issue-  
Equ iva len t  M a t e r i a l  Immersed i n  a Rad ioac t i ve  Cloud, Heal t h  Physics, 
Vol 26, January 1974, pp 1-1 2. 

I n t e r n a t i o n a l  Commission on Rad io log ica l  P ro tec t i on ,  ICRP P u b l i -  
c a t i o n  2, Report  o f  Committee I 1  on Permiss ib le  Dose f o r  I n t e r n a l  
Radiat ion,  Pergamon Press, 1959. 

T r i t i u m ,  Ed i t ed  by Moghissi ,  A. A., and Ca r te r ,  M. W. ,  Messenger 
Graphics, Publ ishers ,  Phoenix, Ar izona and Las Vegas, Nevada, 
Regis tered by TID, Oak Ridge, Tennessee as CONF-710809, May 1973, 
pp 405-421 , 457. 

Telecon, Van Vleck, L. D., WESD t o  Vo l l i que ,  P., AEC, Nat iona l  
Reactor Tes t i qg  S i t e ,  Idaho Fa1 l s ,  Idaho, r ega rd ing  Noble Gases 
Symposium, Las Vegas, Nevada, September 24-28, 1973. 

Healy, J. W., Rad ioac t i ve  Cloud-Dose Ca l cu la t i ons ,  Meteorology and 
Atomic Energy, 1968, p 421 . 
Owens, M. J., and Powel l ,  A. W., Depos i t ion  V e l o c i t y  of  Su l f u r  
D iox ide  on Land and Water Surfaces Using 35-S Tracer  Method, 
Atmospheric Envi ronment, Vol 8, February 1974, pp 63-67. 

F l e t che r ,  J. F., and Dotson, W. L., Hermes -- A D i g i t a l  Computer 
Code f o r  Es t ima t i ng  Regional Rad io l og i ca l  E f f e c t s  f rom t h e  Nuclear  
Power I ndus t r y ,  HEDL-TME-71-168, UC-80, Westinghouse Hanford Company, 
Rich land,  Washington, December 1971. 

Witherspoon, J .  P., F i e l d  S tud ies  o f  F a l l o u t  Re ten t ion  by P lan ts ,  
Proceedings o f  a Syrr~posium h e l d  a t  Brookhaven Na t i ona l  Laboratory ,  
September 15-18, 1970 on Su rv i va l  o f  Food Crops and L i ves tock  i n  
t h e  Event o f  Nuclear War, U.S. AEC O f f i c e  o f  I n fo rma t i on  Sciences, 
December 1971. 

12. B a r t l e t t ,  B. 0. , Middleton,  L. F., M i  1 bourn, G. M., and Squire,  H. M., 
The Removal o f  F i s s i o n  Products f rom Grass by Rain, i n  Surveys o f  
R a d i o a c t i v i t y  i n  Human D i e t  and Experimental  Stud ies,  B r i t i s h  Report  
AR CRL-5, 1961, pp 52-54. 

13. Franc is ,  C .  W. ,  P l u t o n i u n ~  M o b i l i t y  -in So- i l  and Uptake i n  P lan ts :  
A Review, Journal  of Environmental Qua1 i ty, Vol 2, January - March 
1973, pp 67-70. 



I 
14. Environmental Ana l ys i s  o f  t h e  Uranium Fuel Cycle,  P a r t  I 1  - Nuclear  

Power S ta t i ons ,  U . S. Environmental  P r o t e c t i o n  Agency, Washington , 
D. C .  20460, November 1973. 

15. Proceedings o f  F i f t h  Annual Hea l t h  Physics S0ciet.y Midyear Top ica l  
~yniposium; H e a l t h  Phys ics  Aspects o f  ~ u c l  ea r  ~ a c i i  i ty S i t i n g  ,' 
Vol 11, Idaho F a l l s ,  Idaho, November 1970. 

16. Na t iona l  Environmental Stud ies P ro j ec t ,  Study Number 6, Standard 
Methodology f o r  C a l c u l a t i n g  Rad ia t i on  Doses t o  Lower Form B io ta ,  
Atomic I n d u s t r i a l  Forum, Inc . ,  Washington, D. C .  20006, February 
1974. (P re l  i m i  nary  Copy). 

10.1A REFERENCES 

1. Br iggs,  G. A., ~ 1 u m e ' R i s e  From M u l t i p l e  Sources, Cool i r lg Tower 
Environment - 1974, Symposium sponsored by t h e  U.S. Atomic Energy 
Commission and t h e  S t a t e  o f  Maryland, March 4-6, 1974, U n i v e r s i t y  
o f  Maryland. 

2. George, T. T., Fog: Compendum o f  Meteoroloqy e d i t e d  by Malone, T. F., 
American Meteoro log ica l  Soc ie ty ,  Boston, 1951, pp 1179-1 189. 

3. Roffman, A., The Role o f  Envi  ronmental , Economic and Soc ia l  Con- 
s i d e r a t i o n s  i n  S e l e c t i n g  a Coo l ing  System f o r  Steam E l e c t r i c  
Generat ing P lan t ,  Symposi um on Cool i ng Tower Environment - 1974, 
h e l d  a t  t h e  U n i v e r s i t y  o f  Maryland, March 4-6, 1974. 

4. Br iggs,  G. A., Plume Rise, AEC C r i t i c a l  Review Ser ies ,  U.S. AEC 
D i v i s i o n  o f  Technica l  I n f o r m a t i o n  Extension, Oak Ridge, Tennessee, 
June 1 970. 

5. Roffman, A., and Grimble,  R. E., P r e d i c t i o n s  o f  D r i f t  Depos i t i on  
From Sa l twa te r  Coo l i ng  Towers, Annual Meet ing o f  t h e  Coo l ing  Tower 
I n s t i t u t e ,  Houston, Texas, January 29-31, 1973. 

6. Hanna, S. R., R ise and Condensation o f  Large Coo l ing  Tower Plumes, 
Journa l  o f  Appl i e d  Meteorology, I 1 ( 5 )  : 739, August 1972. 

7. Roffman, A * ,  and Van Vleck,  L. D., The S ta te -o f - t he -A r t  o f  Measur ing 
and P r e d i c t i n g  Coo l i ng  Tower D r i f t  and I t s  Depos i t i on ,  66 th  Annual 
Meet ing o f  t h e  A i r  P o l l u t i o n  Con t ro l  Assoc ia t ion ,  Chicago, Ill., 
June 24-28, 1973. 



10.3A REFERENCES 

1. Harleman, D. R. F., J i r k a ,  G., and Adams, E. E., A F e a s i b i l i t y  Study 
o f  A1 t e r n a t e  Condenser Water Discharge Schenies f o r  t h e  Maalaea 
Bay Sta t ion ,  Hawaii, Westinghouse E l e c t r i c  Corporat ion, August 1972. 

2. Di tmars, J.  D., Temperature D i s t r i b u t i o n s  i n  t he  Fa r -F ie ld  Region-- 
P a r t i a l  Mixing, Chapter 9 of Engineering Aspects o f  Heat Disposal 
From Power Generation, Massachusetts I n s t i t u t e  o f  Technology Summer 
Session, June 28 - J u l y  2, 1971. 

3. Albertson, M. L., Dai, Y.  B., Jensen, R. A., and Rouse, H., 
D i f f u s i o n  o f  Submerged Jets,  Trans. ASCE, 115, 1950. 

4. Stolzenbach, K.. D., Adams, E. E., and Harleman, D. R. F., A User 's 
Manual f o r  Three-Dimensi onal Heated Surface Discharge Cornputations , 
R a l ~ h  M. Parsons Laboratorv f o r  Water Resources and Hvdrod~vnamics, 
~ e ~ o r t  No. 156, ~ a s s a c h u s e i t s  I n s t i t u t e  o f  ~ e c h n o l  og; ~epteniber  1972. 

5. Shi r a z i  , M. A., and Davis, L. R., Workbook o f  Thermal Pl  ume Predic- 
t i o n :  Volume 1, Submerged Discharge, Environmental P ro tec t i on  
Agency EPA-R2-72-005a, August 1972. 




